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AJSTSACT , J r 

.^Eo-ve articles on computer use in higher .education and 
three final papers presented at the Association for Educational Data 
systems (AEDS) 1976 conventibn are included in this, document. ^ \ 
Implementing and evaluati*ng computer technology in ^higher education ^ 
iis the subject of two' articles, " and a"nother article describes 
J.nstructionkl. and administrative copiputing at a minority community 

je "in a bilingual-bicultural setting.^ Application of a time 
sharing computer system to undergraduate business education and to 
teacher education is assis'ssed iii two papers* , Computer use in a 
college-level high school biology course is outlined. Minicomputers 
toT conducting real-time computer controlled experiments are 
evaluated. The document* concludes with a case' study of the 
publicatipn of a course in computer programing..^ (CH) 
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' DESIGNING AN EVALUATION lOf^ THE 
IMPACT OF COMPUTERS ON EDUCATION 



wniiam L. Bewley, Or. 
^ Minnesota Ec/ucational Computtng Consortium, St. Paul, Mlnocsota 55113 



ABSTRACT. The Minnesota Educational Computing Consortium (HECC), with support^from the National Institute 
of E*ducation,(NIE), is designing a study of the impact of administrative and instructional computing on 
elementary, secondary, and vocational education in Minnesota. This paper describes the goals and scope of 
the study, discusses methodological considerations and their relation to goals, and presents, a very prelim- 
inary list4)f questions to be answered by the study. It is hoped, that the study will provide information 
useful to educational computing on a national level, and suggestions, criticisms, and reactions are incited., 



Background 

Oni July 1, 1973, The Jlinntsota Educational 
Computing Consortium (MECC) was created by a Joint 
Powers Agreement among the University of Minnesota, 
Minnesota Community Colleges, the State Co^llege 
'System of Minnesota, the Minnesota State Department 
of Education, and the Minnesota State Department of 
Administration. The purpose of MECC is to provide 
consortium meml^ers with requested educational ^ 
(instructional and administrative) computing 
services. The word "requested" in the preceding 
sentence must be emphasized; MECC users decide If 
they want*to use the conjputer in edycation, and 
if so, how it is to be used. MECC Itself is . 
totally non-directive. MECC staff members help 
users do what the users decide should be doneJ . 
Each user sets his own computer-related objectives , 
and determines, the means by which his objectives 
will be met. 

MECC provides instructipnal .cortputing service - 
through a statewide communications net>/ork linking 
over 1,300 terminals to a sijjgle UNIVAC 1110 
computer located in Lauderdale, Minnesota, a suburb 
of St. Paul. Over 70% of Mijinesota public school 
districts (K-12) are served f)y this network, 85% . 
of which are located outside] the Minneapolis-St. 
Paul metropolitan area. Over 90% of Minnesota's 
public school students are i|i these districts. 

MECC's adminis.^rative s;rvice is still being 
developed. Administrative computing in Minnesota 
is presently handled by Total Information for 
educational Systems -(TIES) f6r 45 districts (serv- 
ing over .250,00(i students), ind by several indi- 
vidual districts, e.g., Minneapolis, St. Paul, and 
Rochester, Minnesota. The tIes s.ystem is the 
modef for MECC^s administrative system. 

i ' 

The Computer Impact Study | ' 

During the 1975 Minnesotk legislative hearings 
on the apprbpriation for MECC^ it became evident 
that there .was a need for an evaluation of the 



educational impact of computing. Asked to provide . 
evidence for the cost-effectiveness of educational' 
computing,* MECC staff could provide nothing beyond 
a^unroary of experiments comparing CAI and "tMidi- 
tibnal" instruction. This was not because the MECC 
staff was unlnfomed— there were simply no better 
4ata available, a surprising if not appalling fact 
when one considers the millions of dollars that 
have been spent on instructional computing in this 
I country. -y^/^ 

At about the same time*, officials of '|he 
^National Institute of Education (NIE) beca^ie Inter- 
ested in MECC as a prototype for educational comput- 
ing systems in other states and asked MECC to submit 
a proposaUfor an impact study to NIE's Office of 
finance and Productivity'. Betause of MECC's inter- 
est in evaluating impact, this was done, and after 
«,a series of meetings and written coftmunications 
between MECC and NIE, a contract was awarded to MECC 
in early 1976 .for the design of a study which would 
evaluate the impact of iidmini strati ve atld_lnstruc- 
tional computing on elementary, secondary, and 
vocational education in Minnesota. The design is to 
be completed by September, 1976, and if it is 
approved by NIE, MECC will receive a contract to 
perform the study. • •. 

, Goals of the Computer Impact Study 

The primary goal of the Computer Impact. Study 
is to provide Information useful in the resource- 
allocation decision-makinq process. An idealized 
version of this process is outlined In Figure J* 
The decision-maker faces a set of alternative pro- 
grams defined by different nfixes of available 
ii?esources. In input/output terminology, the resource 
mix is the input. The output is. the' performance of 
the^ program. Each alternative resource mix has 
associated with it a cost which must be weighed 
against the benefits of program ^perfflnnance in 
determining the decision-maker''^ preference for the 
program relative to alternatives. 
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The utility of »the cost and benefits informa- 
tion provlded^y the study vdll be determined by 
the setting ih which the resource allocation ■ 
decision -maker Is working. The secondary goal of 
the "Study Is to provide information useful to 
decision-makers In three different settings: 
sumnatlve pvafuatlon; formative evaluation, and 
program design. The function of cost and benefits 
Information in each setting fs sunmarized below, 
along with an example of a decision-maker in each 
setting. 



Setting 
Surrutlvc Ct«1u«t1on 



forcatlvc Cv«1uatton 



Progrta Ocsl^n 



To su^-pcrt decision -ctking 1r 



To support decision. Piking 
progrtr. ic^rovtr^nt. . - 

To support dccisiotv-p*ling in | 
other ccnt*-it5 vis « vis 
pro^rin de^i9n «rd Ir^rovtront 
by providlrg^ general iz4ttc 
Ihfomtion ca progren cost 
and effectivtrcss. 



Funding Agency, 
e.^.. the Sutt 
LegisUture ^ 

Pregr«3 St*ff 



Outside observers 
ifttcrosud in 
desiqrvtng < 
siniUr prCgr^o, 
e.9.. The Depart- 
ncrtt of Eduotiort 
of <r)Other stitc. 



:6mputer Impact" 
spns of student 
computer- 
usually of the 

tional". 
on the Impact 
luf study leaves 
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Defining " Computer Impact" 

Previous studies have defined " 
quite naf'rowly, focusing ^n compari 
achievement and attitudes in specif 
assisted instruction (CAI) programs, 
drill and practice variety, with 
courses. As a sourfe of infonnation 
of educational computing, this kind 
much to be desired. 

The most serious /lifficulty with such studies 
is their restricted scope. These studies, by focus- 
ing on achievement and attitudes produced by a 
single WI program, miss the important general edu- 
cational effects of the computers. They tell us 
nothing about the Impact of the computer on -curric- 
ulum content or methods, school orgahization and* 
managanent, or faculty activities. - To quote Hunter, 
et. al> (1975), who report the resuljts of the most 
.comprehensive study of educat1x)nal {computing yet 
conducted, "there have been no lar^e-scale investi- 
gations of the more Important general educational 
effects of adopting computer-based Systems and 
curricula.).. .In the present study *r we did not go 
'behind the classroom door* in any systematic way 
to determine what real effects, if any, the computer- 
based innovat^ion was having on curriculum content or 
methods, activities and achievement of students or . 
school .organization,- management, and goals. We 
also do not know of anyone who has done this."* 
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Our definition of computer Impact, which is 
shown in Figure 2, attempt's to capture the Important 
general educational effects referred to by Hunter^ 
et aK , (1975), The computer system is input to 
the environment (the educational system). The 
computer's Impact is rfeterrjined .bjj the characteris- 
tics of both the computer system and the envitt>nmeat 
in which it is placed. 
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rtCUU 2. A de'flnltlOQ of coeputcr icpict 



Impact is defined as five different but inde- 
pendent outputs: use, implementation problems and 
solutions, outcomes, practices, and cost. Brief 
descriptions of the outputs are given below: 

' Description * 



Use . . : How the corpotcr systen M used. 

e.g. , wh*t progri^s ^re used tnd 
' ^who uses thca. v 

(Xjtcoces Stu<*cnt ichievcncnt *nd attitudes. 

frictices Roles and activities of teachers ^rO- 

^ administration, school canagcincnt, 

and currlculm content and rethods. 

^ 1 

Cost. ' >. 1 Cost of acquisition and operation. 

. -> ' • 

IrplcrenUtlon Problcns in irplcvnution and 

, • possibfc solutions. 



Methodologital Considerations 

Most'impact studies have used an experimental^ 
approach to resear-ch design. Carefully designed 
experiments or quasi ^expdViments^ (Campbell and . 
Stanley, 1963) are used which compare the perform^ 
ance of an 'experimental group with that of a control 
group. The treatment that differentiates the two 
groups, e.g., presence "or absence of CAI, is 'called 
the Independent variable* The performance' oh which 
the two groupr are compared, e.g., test scores, is 
called the dependent variable. Changing the value 
of the independent variable Is' believed to cause 
changes inthe value of the dependent variable. 

The experimental approach requires%:hit 
decisions regardfng Independent variables must be 
made by the experimenter. The experimenter, for 
example, must be able to decide which CAI program 
should be presented, how long it should be presented, 
and to ^lom it should be presented. As suggested 
Earlier, this requirement cannot be met in our situ- 
ation. None of the variables in our Impact model 
(Figure 2) can be controlled by an experimenter. 
Where the powei* to control exists, it belongs to 
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each user- of the computer system. This is, of 
course, as it should be, given our interest in 
determining the educational effects of computers 
in real-world environments. ^ 

When the experimenter has^no controller 
variables, the .most appropriate methodology H the 
"non-experimental" or correlational approach. In 
a correlational study,, there are no independent 
variables.' The values of uncontrolled variables, 
are measured and statistics describing the degree 
of relation between variables are derived. A 
relation between variables does not imply that 
changes 'in the value of one variable cause changes 
In the value of another, but it can be used to 
predict the value of a variable from knowledge of 
the value of a related variable. /That is, a rela- 
tion allows prediction of performance, but does not 
allow the inference that the prediction Is based on • 
a- cause-effect relationship. ^ 

The correlational approach will allow us. to 
determine relations among variables. T^ese relations 
can be used to predict the values of variables from 
knowledge of the values of other variables. Will 
this methodology allow us to achieve the goals of , 
the Computer Impact Study,? We think that, it will. 
We believe that the relationships prodyced from 
uncontrolled, realjworltf data by the correlational 
approach are more ,4ppropri ate for resource-al)loca- 
tion decision-making than the experimental vs. 
control-group information produced by thfe experi- 
mental, approach. Project designers will obviously 
be most interested tnixred^ctive relationships. If . 
the sample is sufficiently representative that the 
relationships c^p be generalized to other contexts, 
project destoryers should be able to dran useful 
inlFerences about the relation of computer-resource 
allocation anct educational impact., Decision-makers 
involved In formative evaluation will be able to 
use information on tbe relationships of variables. . 
to identify program elements which shoul<Jt be 
strengthened, added, or deleted. Those merested 
in the *^'yes-no" deciiion of summatlve? ev^Tuatfon 
may find many of the predictive relationships 
produced by the correlational approach irrfelevant 
and prefer the simpler indication of the ^esence 
or absence of difference between experimorftal and 
control groups produced by the experimental .approach. 
This sort of Information can be distilled from 

relational data, however, using siwinary s^atji&tics 

on t^f magnitude pf relations. 

Questions ^ . » j 

"The first step in designing the Compt^er Impact 
Study has been to ask , legislators, educatov^, and ^ 
priy^te citizens in Minnesota and educators from a 
sampling of other states to identify questions that * 
th^y would Itike to have answered by the st^y. A . 
sumTnary of the questions we have received,^ organized 
by the Impact elements shown in Figure 2, Is given 

,on the following pages. The next step is to generate 
additional questions and to define and operational ize 

•vai*1ables which will allow us to answer as many* 
questions ^as possible. We plan to develop measure- 
ment instruments during March and Ap^il,.1976 and tp 
' conduct a pilot study during May, 1976. The pilot 
data will-be analyzed and the design for t\\e stqdy 
will be completed during the summer^ 



' Your questions, criticisms, and suggestions are 
welcomed. We believe that this study can produce 
answers to many irnportant questions, but only if 
concerned citizens and educational computing profes- 
sionals help us identify these questions during the 
d^si^n of the study. 

Computer System 

1. What are the advantages and disadvantages of a 
* large, centralized computer system serving all users? 

of several small, decentralized computer systems, 
each sierving a feW users? • . ' . • 

2. Who is best served by a large, centralized 
computer system? ^ 

3. Who is best served by a small, decentralized 
computer system? » 

4.. > What adiftinistrative applications are available? 

'5. What instructional applications are available? 

6. What unavailable administrative applications are 
needed? By, whom? ^ ' 

7. What' unavailable instructional applications are 
. ' needed? By whom?' --^ 



Environment 

h What are district/school/class objectives? 

2. What are tie characteristics of students— number , 
socioeconomic status , standardized .achievement scores 
age, etc.? * \ » • 

3. Vhat are th6 characteristics of the staff- 
number of certified teachers, experii^nce/ education 
of teachers, number of \para-profess.1onals, number 
of special teachers, number of admintstra.tive per- 
sonnel, later? \ ' * 

4. ^ What are* the characteristics of th^ communlty— 
population, Qeographlc location, mejJian Jiicome, etc.? 

'5. What are the operational characteristics of the 
schools-instructional time per student, maintenance 
cost per student, 6tc.? ^ • 

6. What are- the physical, characteristics of the 
sc>iool— spaie, furnishings, etc.? 

Use J - 

*1. Who are the users? 

2. .Who areS the nonusers? , ' . 

3. What administrative applications are Msed? / 
How and by whom? - ' ' * / 

4. What instructional apiJT^catlons ar6 used? 
How and by whcrm? 
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ImplementatloD 

1. Whaf are the optimum times of the year 'to 
Implement the computer? 

*» 

2. Kow much staff training should occur prior to 
Implementation? What kind of training Is neces*- 
sary? 

'3. What organization (centralized staff» district, v 
school) should be responsible for necessary staff 
training? 

4. How many terminals should be placed In the 
Ischool? Where should they be placed?' 

5. Hbw should terminal use be scheduled? 

V 

6. Kow should tommunl cations be handled? 



General 




1. What are the security 'prjdetutJolis protect 
against unauthorized use of computer files? 

2. What are the curriculum areas where the computer 
might best aid learning? 

3. Is the computer most effective in adnlnlstratlve - 
. servkes or as a tool to aid. learning? 

4. Cam the computer add anything tiew to Instruction?^ 
Can new instructional objectives' be met using the ' 
computer? If so, how? , ' • 



Outcomes 



Footnotes 



1. Does the computer Increase learning? — 



2, How effective Is the. computer 
types of schools and different typej 



:ifferent 
^Je^mers? 



3. What Is student and teacher refaction to tlie 
computer? 

4. What Is community and parent reaction to the 
computer? , 

5. Does the school functiop better (efficiency, of 
school administration) "with computer support? 



Practices * 

1. What effect cloes«the implementation of computer 
services for administrative purposes have on the 
clerical and administrative staff? 

2. Do the faculty, administrators, and'staff have 
more time to spend with students as a result of the* 
'implecientation tif computer services? 

3. Has the computer had an effect on the curriculum? 

4. Has the computer had an effect on school policy 
and organization? , . * 
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Co^t ^ ' 

1. What is the acquisition cost*-eig. , for train- 
ing, eqdipment, facilities, and*matei;ials? 

2. Whilt {% the operational cost— e.g., for train- 
ing, curriculum development, added salaries, 
materials, and supplies? 

3. What are the critical cost comparisons for 
computer vs. noncomputer services? 
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INSTRUCTIONAL AND ADMINISTRAH VE COMPUTING^ AT A MINORITY 
INSTITUTION IN A BICULTURAl-BILINGOAL SETWW 



R, Waldo Roth 
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Navajo^ Community College, .TSaile, Arizona 86556 
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ABSTRACT: * In July, 1975 Navajo Community College installed a time-Sharing computer 
system at their Tsaile*, Arizona campus to service ^11 the computing needs of this 
relatively new junior coll.eg^^ The rapid progress made in. developing ^both instruction 
and administrative applications during the past ten month period will be described and 
reviewed,* » - ' • ' 

, . An a^nalysis .of the successes and failures of this project to date will be given 
along with futute plans for groWth and enhancement. The unique ^requirements and probl 
of this bicultural-bilingtual campus in a remote l<5cation*and the methods being utilize 
to solve them vfcill also bif discussed. 
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INTRODUCTION 



, Navajo Community College, located^at 
Tsaile, Navajo Nation Arizona, was 
founded in 1968 to provide special educa- 
tional opportunities needed by Native 
American young people on the Navajo 
Reservation. * This is the larg-est reser- 
vation in the United States, containing 
14,500,000 acres oyer a three state area 
centered in northeastern Arizona. Tha 
college has attempted to be responsive to 
thes^needs of 140 ,000 . Navajos (expected to • 
m6re than double by the year 2000 at^ the 
present birth j'ate) on a land area the 
size of the state of We^t, Virginia. Thus, 
its mani!ate and characterisitics are 
different from those usually attributed n. 
t<i the community college. 

The primary .go^l of the college has . ^ 
been to hel'p students bridge the gap 
between the Xwo primary languages , ;0ut- 
tures, and s^giiieties in^which they mu^t 
live. It pirovides a stepping stone to 
upper level college experience fjor some 
and likills for immediate employment in 

' technical/vocfational areas for others. 

The student^ who att6nd the codle'ge are 
801 Navajos, and for iftan)^ of thfese stUdents 
English ^is a second, languages* As a result 
a numbet of the coiirsest - particularly in 
the' Indian Studies program-have at le^st 
one section taught in Navajo. --The rejnain- 
ing 20\ of the students Are about equally 
distributed between other Indian tribes, and 
non-Indian Students* 

Jt should be noted that this was the 
first Indian operated and controlled 
college on an Indian reservation in the 
United States. . As .a result, the college 

.has become the . foundi*n^ sponsor .for a ten^ 
member American Indian* Higher Education 
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Consortium (A. I .H.E.C.J-f^eadquarter^d at 
Denvea:,"* Colorado. The ten colleges are 
located^ throughout t)ie Western United 
States.^ ' ' / . . 

The college has one major branch campus 
at' Shiprock, ^^w Mexico, and -supports a 
number of programs at sites other than thfe 
main campus. Plans call for eontinuation 
of this outward growth to other cpmmuni- * 
ties on the reservation* ^dji addition, the 
cdil^e manages a 'number^ of grants f or o ut- ' 
side agencies. As a fesuTt any^^anfifti^tra- 
tive projects to be implemented have to , 
provide^ for far greajter diversity iand com-. 
plexity*that would*be typical for colleges 
of this size.-. ^ . 

iS. COMPUTING EXPERIENCE AT THE INSTITU- 
TION / * 

For several years the college had been 
utilizing serv,ices provided by external 
sources ,for their administrative computing 
needs. 'Northern Arizona University pro- 
vided student record keeping for some time, , 
>ut ^'heir distance to the college (about 
550 miles) caused this 'service to be very / 
di££icul*t ^to utilise and became a serious / 
handicap to the Records ©ffice. On the / 
other hand, those Business Office functions^ 
which were operational-primarily "payroll / 
and expense reporting-were being processed, 
by the Navajo Tribal Data Processing / 
Department in Window Rock, Ariioila. / 
Althiough much closer to the college, there ^ 
were significant dif f iculti^s *with this / 
arrangement as well, including lack of] 
direct control over the data^ enters 'd^, 
operational ^scheduling, and programming 

modifications. Finally, a remote batch 

f • 
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terminal .yj^s^.^nstalled at Tgaile Connected- 
tK> the Tribal Data* Processing Department^ 
in Window Rock. After a somewhat length^ 
transition period, the Director of Records 
had this rem6te batch system working 
smoothly by the summer of 1974^ Unfortu- 
nately, shortly thereafter, the tribe 

• announced a hardware vendor change which 
was relatively incompatible with the 

^ collegers terminal, and another period of 
; frustration had begun. Durii\g this time 
) several consul^fants Visited the ca^ipus. 
Several proposals were submitted to 
satisfy the Business Of f ic^ *and/or* Data 
Processing jieeds-, but little action was 
taken. 4 

III. curiIent system' SELECTIO.V , 

tinally^ in March,- 197S, this author 
proposed that the $55,000 annual expendi- 

• ture^ for d.p.^ services vould be better 

- utilized by purchasing an in- house tiifie- 
^ sharing. system^ He also volunteered to 
spend a year installing the system and 
training college personnel to run the 
center thereafter. Documentatfon was pro- 
vided "to show that over a three year 
period the college would break even or 
isave money with this arrangement, (This 
cost* analysis did not even include the^ 
value of the additional services which 
could be provided, the adyantages of local* 
I control, and. most of all tJie instructional v 
^<^)p qrtfi ty.ties' which had never been avail- 
^ ^>le|JTeviously.r) In addition, a list of 
computer systems requirements broken dow;i 
into the categories of required*, highly 
desirable, and desirable it&)ns in both 
^ hardware and software were prepared for 
potential vendors. (This report is avail.- 
^ able, upon request.) Because of the remote 
location for this new computer installation, 
^ with the nearest* hardware vendor being, 
located in Albuquerque, (230 miles away}, . 
while other prdspectiv-e vendors *were, as 
' remote as Phoenix (350 milfes) and Denver 
, (500 miles); a n6n-standard hierarchy of 
selection criteria. were chosen. These are 
listed below in approximate decreasing 
order 6f importance.* / ^ 

IV. selXctiom criteria / ' 

system- capibilities 
vendor accessibility 

• V hardware reliability' 
♦* software capabilities 

hardware capafeiJLi^ies 
v'^ndor flexibility 
local backup vfithin. the 
vendor's juterest in eddcation 
cost/effectiveness 
data base capabilities 
system integrity §'secu 
language capabilities / 
ability to support a- wic 
, - terminals 



ity 

de variety oi 



was purchased from a software house, 
EDUCOMP, in Flartford, Connecticut. It 
should be pointed out that a HewJ^ett- 
Packard 2000' Access System was in the run- 
ning until the inal decision was made. 

Thfe configuration selected was designed 
to minimize loss of service because of any 
piece of equipment being down. Hence, no 

frd readet was selected, printing termi* 
Is were required to have similiar capabi- 
ties to the line printej (132 print posi- 
ons, line control capabilities, etc.), 
memory^ segments had to be capable of being 
bypassed aftd no single auxiliary 'storage / 
devicesJwould be obtained. » y 

' The system currently has 64K words (lyS 
bit), a 300 line/pinute printer, 8.4 mega- 
words .of disk storage.^(one half removable) 
and e'ight terminals (7* of them printings). 
These are distributed as follows: "Two in 
Student Records, one in the Business 
Office, one at the Shiprock Branch, two in 
the. library, plus two portable terminals. 
The, latter four are primarily fo'r«* ins true - 
^tional use,' hence thfe current distribution'' 
of terminals is. roughly equal between 
administrative and •instructional* applica 
tions . , , * » 

Software purchased included a data base 
management system (a key* acqtdsition to be 
discussed later) , a student record system, 
attendance system, payroll package, and a 
Bu^infess Office system including accounts 
payable,, receivable, ge'neral ledger, ^nd 
budget reporting system. ^ The software 
purchased represented approximately 1/6 of 
the total purchase price of the system% 

vIV^ * PROGRESS MADE TO- DAlTE 

After Board of Regents approval of, this 
purchase in late May, 1975, the following 
list of milestones gives some indication of. , 
' the progress made to date: ^ . ^ 



MILE STONES IN. COMPUTING AT N.C.C. 
1976) V *" 

JULY 01 HARDWARE ARRIVES 



(1975- 



JULY 17 'MOST HARDWARE OPERATIONAL 

AUG. 03' SECOND SUMMER REGISTRATION 

' DCNE ON-LINE 
* / 

SEPT.- 02 ALL HARDWARE OPERATIONAL 



♦SEPT. 

OCT.- 

NOV.- 
JAIL 



04 INSTRUCTIONAL AND LIBRARY 
APPLICATIONS BEGIN 

16 ATTENDANCE PACKAGE OPERA-' 
TIONAL' 

'27 FIRST ?UJ1geT REPORT RUN 
30 FIRST ^PAYROLL RUN 



V The system finally s 
11/35 system (known is 



viected was a DgO 
DEC 11/40) which 



There are a number of reasons for the 
rapid progress made to date. Among these 
are the following: 
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1. Good local support and personnel. 
Although no computer main frame had 
been on campus before, tnose persons 
charged with data preparation ^nd ' 

'aanagementjiad good job skills/ an'd 
have been dedicated and thorough in 
the performaJkce qf their duties. 

2. Good software'JkUpport. New Mexic^ 
Military Institute^MN.M.M. I .) from 
whom the s^tuden^^record system was 
obtained, has done an outstanding job 
of supporting, enhancing, and explain-* 
ing whatever«has been.asked of thenf. 
They ?ire to be commended for this 
effort, and it has been in marked 
contrast to some other software pur- 
chased. ' 

^ 3. The hardware has been very reliable 
for the most part,' and has performed up 
to specifications. 

I ' 

4. The existence of an ex'cellent data 
♦ base management package. Although 

usua;ily discussed in tetrfs of l*arge 
systems, good* software for handling 

« data bases is now available on m^ny 
ninicomputer systems' and is extremely 
important to the small college faking 
; this step. The GPRS, system from EDU- 
COMP, whi.ch has been enhanced by 

• N.K.M.I.' is an excellent one. Examples 
of 'Other good packages in existance 
include the WISE p^ckag^ developed at 
Wheaton College by Dr. Jacque^L'a France 
(one version of which 'f« marketed by 

. DEC), and the H-P IMAGE paqkages for 
H-P 2000 and 3000 systems. 

5. A good strategy or plan for imple- 
mentation of the software; capable of 
beinfe revised and, modified as needed 
with -good user supp.ort and cooperation. 

<• . t 

6. Creative users with ijood ideas of 
what they need and want. 

7. A willingness to, work one's tail 
off until the systems are performing as 
required. 

Fortunately, alJL these ingredients have 
been available at N.C.C. to bring the 
''project to its present degree of comjJle- 
tion. 

V. ADMINISTRATIVE SYSTEMS DEVELOP^^ENT 

To date almost all known studertt infor- 
mation-requirements are fully developed. 
With some clever man3j)ulati6n by Mr. Scott 
Fisher, Director of Reseiairch and Admissions, 
almost any requ^est for information by H.E.W.^ 
th^ AJ.H^E.C. Consortitini, the Bureau of 
Indian Affairs , ^ North Central Accrediting 
Association, or- the college a'dmitiistration . 
can be obtained with relative ease. 

Payroll is running smoothly and prov^i^- 
i/ng a great deal of information which ^as 
not available previously, Although the, 

fal3 

' iO 



other Business Office functions are not 
yet fully operational, by the time of this 
presentation all required software will 
not only ^be implemented, but shall be well 
integrate*d. I 

The data base package mentioned earlier 
has enabled the college to aOjust quicRly 
and easily to new requirements fpr informa- 
tion retrieval. .Such diverse applications.^ 
as reading^vtest scores, a personnel file, 
a consottiu?i library, and the college 
periodical current ajid archival files have 
all been* it\plemented in a few hours, to a 
jfew weeks depending on the availability 
§ind condition of the i-nput data. Most i 
important of ail, the processing from data 
entry to retrieval ha^beeii done in most 
cases by the user-the person who knows jhis 
data and requirements best-with' only. mini- 
mal orientation and training.* 

VI. INSTRUCTIONAL USE 

Although little original instructional 
software has been^ developed at the college 
to dwte; the ^existance of many useful 
-packages in a« variety of disciplines ,has 
caused approximately one third of the 
students on the campus to use the computer 
in some way during this first academic 
year.^ Some of the major uses ,to date 
have been: 

'1. Game-playing. Many good in'struc- 
tional games exist' today ^and a number 
of these have been made available on 
this system.* Benefits include develoo- 
ing student familiarity with the termi- 
nals, motivating better student* reading 
skills, overcoming fear of mqdern tech.- 
nology, and good thought-provoking • 
recreation.^ *• , 

2. "Canned" Simulations. The Hunting- 
ton II packages contains a number of 
good simulations which have been, 

. oitilized in the Nursing Program and the 
Biological Sciences. They ^eem to^be 
highly motivating for the classes which 
have used them. One original program 
which has been developed here, is GE*JI: 
* 2', an extention of the well, known 

GENE i program to two traits for use in 
■gen'etic simulation 9x{)eriments by 
students. 

V 

3. User written prc^gram^. The chemis- 
try pi^of'essdr h^s written most pf his 
own courseware, customized to his 
classroom I'equirements . . This h^is been 
possible because of his motivation, 
background, and tl^e ^ase of using the 
BASIC-PLUS language,. A few student^ 
have Written their own. programs' to 
help with homework assignments after 

' using TUT.OR, a self-instructional 
package on the fundamentals of BASIC, 

4. English vocabulary. Several word 
games customized to the instructor's 
requirements have been successfully 



used to enhance individual and group » 
• learning of English ^vocabulary*. 

» 

' S. Instruction in data pxQcessing and 
computer progfamming. These courses 
were not taught before the computer 
wa| on campus for a variety of reasons. 
Student interest has been high, parti- 
cularly at the introductoity level. 
The curriculum is still in a develop- 
mental stage, since it has been found 
that most of these students have 
qonsiderable difficulty going from a 
problem statement to a computer pro- 
gram for solving it. Because of this^ 
in the first course taught, Pntroauc- 
tion to Data Processing, students are 
taught tjie fundamentals of coding in. 
the BASIC language .and how to code from 
" detailed flow-chatts to BASIC state- 
ments. Then in the second course (a 
programming class) they are taught to 
* go from process (or overview) flow - 
charts to detailed flow charts, and 
finally the "structured design concept 
of problem statem6|it to process charts. 

>There is s^till much refinement to be 
» done with^this pedagogy, but it has 
broken down ^he learning into manage- 

vable skills for these students. 

This has, obviously just scratched the 
surface of the instructional' potentia ' 
number of projects being planned, 
researched, or hoped for include: 

1. .Ways to 'enrich the lea#nin^ of 
fundamental study skills. 

2. Ways to improve the learning of 
written Navajo and English. , 

3. Business, econometric,- and small 
business 'simulations. , 

,4. Political, modeling, ii) histpric 
a^ndtcurrent .I^^^^-.Angl^r!*^^ 

5. Se^^rtTng^ an approp^j^e career 
glixd^irKc^ package. ^-h- 

..r 6. Choosing good targe*ts» 'for exist- 
ing and customizb4 CAI packages, 
including ^uch areas as welding, 
physical education, and basic 
electronics. ^ 



should permit better planning on the 
part of ^college ^dminisfra'tors . The 
base is being laid. for longer range 
.projection and forecasting. 

---The ejiistance of COSAP IL, a mini- 
computer version of a statistics 
package modeled after SPS^ by ' 
r Lawrence University, will be a benefi 
3 cial tool for -both students and 
teachers. However, a proposed . 
refinement to "enable this package to 
access <all data base packages J.nclud< 
ing student records should provide 
^ unprecedented and almost unlimited 

research potential for qualified^ 
J users bofh on' and off the campus. 

— A .Native .American has been hired to 
direct this operation by fall, as , ' 
* the cpmputer center is quickly 

moving to a fully self-supporting 
staff. This transition will be 
completed in at most 14 months "after 
initiation. « 

- ; - A 

---The existence of four new minicom- 
puters on the reservation in the 
last year (there were none previous- 
ly) , opens the Moor to many new . 
computer career opportunities" for 
students on the reservation., 

---The 40,^00 public and BIA students 
on the reservation without any 
computer exposure^ what over are an 
^untapped resx)urce* and responsibility. 

^ The main goils continue to be enrich- 
;nent of the students ** educational experi- 
ence, and enabling more precise decision 
making on the part of administrators. It 
is hoged that the continued expansion of 
* this system can benefit not* 'oniy^' NaVajo 
Community College"; but- a'll levels of 
education on the entire Navajo Nation— 
and other Native American Schools, as . 
well. 




Again, there are many existing p:j:ojects 
and instructional experiments ' that can and 
will be. done to ^nrich the education iof 
these students. 



VII. FUTURE PLANS 

As* has just been shown in the instri^- 
tionaj/ area, "and despite the long stricres^ 
which bave been ^aken during the first 
year^ there is even more to be done: 

— Getting the Business Office on a 
current timely reporting b^asis 
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ABSTRACT: This paper presents an overview o^the evolutiT>n ot inslrructionai computinM 
^.^-^^g^i^^ ,^-^an-Fr Q nciG c o. — IncjAided is a J j e^ s c r ipti o n of th e ^ p r. oce j ^re followed 
iTTacquiring" a new "comQuter , from the ^initTal* '•^'r ass roots" movement by instructional 
users through the role of faculty in the selection and manaqemerrt of the. system. Some 
special features- and facilities are described:. dataBASlC (an easy to use data base 
management language based on BASIC) •and fhe Computer Assisted Learning Center (CALC) . 
Examples of the use of computers in learning situations are. shown through the descrip- 
t,ion of present appl icatiorts bygone department (Chemistry). 



COURSES AND FACILITIES 1971 

City College of San Francisco is the 
only two year college in the city. It 
setves a student population 'with a parti- 
cularly broad variation in racial/ ethnic 
•and educational background, variety of 
work experiences and range of career 
goals. In 1971 the computing facilities 
consisted of an IBM 360/25 of 48K bytes 
foD batch work using^a FORTRAN compiler — 
clearly inadequate for a school of this 
size. Reg'istiration was being effected 
manually; the computer had been elimi- 
nated from this .area owing to--the *re- 
suits o'f a previous, attempt which had *' ' 
proved .less than Completely satisfactory. 

« 

' The following^is a 6ummary**of some of^ 
thQ. things we have done both in the De- 
partment of Cheihistry and as a group in 
the Qollege to arrive at, the {)resent ^ 
situation. . • ^ * * 

THE ♦COMPUTER' SELECTION PROCESS '' 

In the spring of 1972 the. ^rol ifer a- 
tion o'f demands f or computer ' services and 
our evi^,dently successful use of the time- 
sharing computer led to the formation of 

'the Computer Users* Committee, comprised 
of students, faculty and administrators. 
The committee's aims were 'that>present 
facilities be used most efficiently, that 
there be more recognition pf instructional, 
nfe^tis and that*more and better services * 
^ shoulLd be provided for the entire college 

■community. 

In the ,fall of l$12 the committee, con- 
sider ing 'usage^ pro jecfced for 1973 by aca- 
demic departments, discussed possible-ap- 



preaches to increasing^ computer facilities 
for 1973-74 and subseauerft years. Dis-' 
cussion during several meetings of the 
.<:omputer Users Committee identified es- • 
sentially four alternatives: 

a) to recommend the acquisition of a 
certain computer th^t was selected by ad- 
ministrative data processing personnel to 

* Satisfy the* college 's needs for both .time- 
sharing and batch computing for 1973-74 
and subsequent^ years; / 

b) to^'undertake a ,stuQy of several com- 
petitive computer systisfis i/it)^ tUe ulti- 
mate goal of recomme^ing one for acqulsl- 

•tlon; ^ 

c) to make interim xhiprovements for 
,.1973-7^' (this might have\included the ao- 
"quisJLtion of a mini-compiler or the pur- 
ihaso of time-sharing si 
possi&le sources); 

i 'dT to make no 'changes fdr the school 
year 1973-7^. 



Ices from varfous 



^he Computer Users* Comm.ttee decided 
to pursue alternative "b ) an I appointed, a 
Computer Selection Commibte 2 t'o undertake, 
the stVidy.* The members of ;he Computer 
Selection Committee were f q ir teaching 
f-aculty from Chemistry, PHyblcs, Engineerr 
in&, and Computer Science, Registrar, 
a Dean of Instruction, two persons from 
Computer Services, a librarian, and a stu- 
dent. - , 

ThQr©. was common agreement among all 
the members of the study group that evalu- 
ations of competitive systems should be on 
the basis pf their adequacy to satj.sfy the 
school^s present and/fUture needs, fi.ie. 
the system was taken* as a black box with- 
out any attempt to analyze the hardware 
features. However, before any meartingful 



/ 



Stu);5y could be taken along the^e lines it 
would be necessary to ecj^ucate members of 
the college community about future 
possible directions and activities^* (In 
tne administration particularly, there 
t/aB a tendency , to avoid any consideration 
of additional use of computers because of 
a bad exper.ience with . computer aided 
registration j4 few years, prior to the 
study.) inus at the oui;|set* eight vendors 
were* invited to to give aescr iptions of 
tneir computer systems and their 
capaoilities to the study group ^and 
various k«y administrators. Following 
these presentations, 'the Computer* 
Seltectipn 'Committee settled on an 
Valuation procedu're as follows: 



3. Usefulness of the Data Management 



4. 
5. 



10. 



t 



4. 



'1. tQxmc^l presentations of systems by 
sal^s, management and technical 
representatives.' ^ 
DeteriT^nat'ion of selection ctiteria. 
Final information' gathering on all 
proposed configurations preparatory 
to selecting some of the systems 
^or detailed* analysis*. , 
Detailed ^analysis *of systems irtclud'- ^ 
^ing on-Site evaluation of« identical 

systems already operating in,a^imi-^ 
\ iar. environment (at least two ^\ 
installations for each vendor). 
'5. Comnlunication with present usfers as 
to reliability, ease of use, service, 
etc . 

6. ^Kecommendation of the Selection Com-, 
mitjbee to the Users' C<5mmitte.e for 
' * decision by the Users' Committee.- 

\fter.the selection cr iter ia .were 
decid^tf upon,, the eignt competing sys- 
tems were evaluated oa the basis or the 
folL^ing criteria * % * 

1; Adequacy of applications support 
. 2* Adequacy of systems support 

3. Potential and ease of expansion 

4. interactive fcime-sharing l^n^uages 
• ava^l^Ble 

5.. Adequacy of hardware maintenance 
6. Ease ot use of data management 

• system 

• 7v Space -required 

8. Price* * 

9. ' Obsolescence' 

10. Design^Criter ia * 

11. - Proven'reliability of ^hardware arid ► 
,* ' operating ..system ' ' ' • • ' 

. 3^. .Compatibility of Batch and Time- 

* • ' sharitiilgt* ; * 
13jj:^AMlity ta pen^rm 1401 adm-ini-. 

strative jobS^^^'^^^o^^^isrupting 
the system. . J^'^'^ 

lA. Provision fogr interim services — 
.. especially time-sharing ^ < 
and of These eirqht systems, four were ^ 
selectedjdfor further Evaluation. Addi- 
tioiial criteria were applied to these 
iour sy,stem»v 

• 1, P^rforman.ce as reflected on site 
^'jS^isits (2 s-ites per vendor) 

• i: Attractiveness of C.A.I, capabilities 
, , and. course author^ languages ^ 



system I 

Ease^f use. of system by novices 
History of maintenance in local ar-^a 
Ability to process our 1401 lan- 
guages ' • 
AdequacV of interactive languages ^ 
and diagnostics 

Number and desirability of addi- 
tional programming language.s avai'J,- 
able 

Variety and number of instr i>ctioiial 
application programs 
Extent and readability of (3,pcume^ta- 
tion ^ , V '^.t 

At this point the committee vas^J^ased 
that a branch of city government n^d* a 
computer system that could ' be'C'made 
available to the college at attractive* ' 
financial terms. This alternative- was 
reject.ed due^ to tfie inability? o;f * 'the 
system* to provide adequate time-sharing 
facilities. The committee sei-ected a' 
syst^, and just prior to its presentation 
to JfChe governing board for apprOrvgl, it 
was: discovered that the chosen vendor 
^ coulA. notf^eliver the system chosen for 
/the pcice promised by the salesman. Though 
"^tne committee vas exhausted and 
-exasperated, the evaluation process was 
re-initiated, using a new set of criteria 
And a* new procedure, with the additional 
requirement that benchmarks be performed. 

--^^^i^CCSF- :tEST?SPECIFICATIONS 

A. There^must be a minimum of 32 physical* 
lines (ttot software simulated) for time- 
sharing use. Thirty o*f these lines will 
have a student time^sharing job mix en- 
tered on them according to CCSF's speci- 

*- f ication and in a manner 'which must be . « 
approved by OCSF. ' 
B* There should be provi'sion for entr:y 
of local batch and gemote batch.- 
C. The conf igurati<?n on which the test 
is performdti must ftave all components 
th^. same as the proposed configuration 
or any components which ar6 not the same 
must haVe lesser per formance^ in all re- 
spects. ^ letter from a company repre- 
sentative must outline any differences 
*with the' proposed and tested components 
■and performance specification? for each.*. 
. D. -Each manufacturer, will supply standard 
<nanuals v<hich outline the accounting, in- ^ 
formation given at the conclusion' of each 
terminal session or job. . ' 
E. Each manufacturer must be willing to 
commit that the results of the test be 
thi^ substance of a performance bond that 

i^^dS&k be incorporated Into the final con- * 
ti^act. 

?l' The test. will consist of si^ sub-tests. 
^ 1. Student time-sharing.' jobs only^ 
Carriage return Response times, .com- 
pile time^, and execution times will* 
be measured. Carriage return response 
^ times must not exceed' l^ecohd 90% of 
the time, 5 seconds 5[S%»f the time ♦ 
orthe time. 



and iq^'S^e^onds. 99% 
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2. Student batcti ]obs only. Total 
elapsed time and processor *ttimes will 
be measured. The processor times must 
be one-tentft tne processor time o't- tne 
.IBrt 360/25 tor tne same lobs-. * 

• 3. Student batch plus student t.ime- 
sharing 'from subtests 1 and 2 above, 
there must oe no degradation of time- 
snaring ana no more than 20% increase 
in stuaent batch elapsed time. 

4. AamiMstrative jobs. Total elapsed 
times and processor times *will be mea- 
sured.' jPrograras. in native-mode language 

f must. have one-tenth or le€s the pro- 
cessor * Sime as tne same programs' on the* . 
IBrt 36k)/25^ 

5. Aaministrativ4 ]obs and student 
time-snaring jobs from suotests 4 and 

1 aoove, mere must be no degradation 
in administrative throughput and no 
degradation of time-sharing on a minimum 
ot ten terminals. 

6. Aominstr ative , student batcn ana 
stucient time-snaring with entry ot 
administrative joqs on a rempte oatch 
terminal. There should oe. no degrade 
a'tion. itT^tne results of subtest 5 and 

-no more tnan 4t;% increase in student ^ 
oatca elapsed time. - ^ 

:>^STttt' ANALYSIS 

I. rti^imum criteria' 
Any' manufacturer failing to meet the 
minimum standards will be automatically 
excluded from further consideration. 

A. Time sharing and batch capability ^ ^ 

1. Ail manufacturer^ must guarantee to 
to me"et the test standards detailed ori 

• attachment A. . * 

2. Minimum language capabilities 
include: 

Batch 

a. oCUBOL (Kl>LL AnS) 
FOKTkAN (AN5) 
' c. AL 

d. KFG or other KLPORT WHITER 

Time Sharing 
. a. BASIC 

b* APL 
' . FOK^RAN 
♦♦d. AL . 

♦e^ COBOL . t . . ; 

^ 

♦fully 'compatible witn Batch and able to 

interact with batch created ft^es 

B. ^ Manufacturers support 

■1. Systems support 
a. Tfte manufacturer, will update the 
operating syste^ni* major language, 
subsystems, an^ utilities with' new ^ 
releases free of charge, .including V 

• free ihstallation to -fulPoperaeional 

* • status. 

I ' b 



). 

. The manufacturer will prpvide 15 
hours a month mini;num of regularly 
scheduled visits by a systems engineer 
for^ consultation and advice to opera- , 
tio'ns st$f£ on software problems- and 
^to users. 

2. Hardware suoport 

a. Hardware maintenance will be on a 
regularly scheduled basis' to insure 
continuing operation. ^ * 

b. Manufacturer will provide CCSF with 
• the option pf emergency service on a 

24 hours per day basis:- • 

c. The manufacturer must guarantee to 
meet GSA standards for system ^uptime. ^ 

. , 3. Application, support --f 
a. All present administrative appli- 
cat^ns mu^|: be Executable on tne new 
'system. - . • - 

■ ' » 

V 

4. Operations and systems training for 
personnel ' . 
. ^ a. The manufacturer will provide 

complete and ongoing training for at 
least four-(;CSf personnel. 

C. base of expansion 

1. ^Tne system must oe upgradable to 
12^" terminals without the replacement 
of tne mairf frame and with no degrada- 
*tion of the response standards estab- 
lish'ed in attachment A.. 

D. Ease of communication with T-S 
EXECUTIVE 

Prompting on log-ih; 
Go into language system with single- 
command ; , . 

Addition/ replacement, or deletion by 

line number reference;. 

Simple run command to compile & execute 

current' program+ ^ 

Simple retrieve & save by reference 

Mo narfie of progr^m^ 

£. Physical tacili^ies required 

1* The system must; require no more than 
9&b* square feet total. - 

f • «Schedul ing algorithm with onsite para- 
meter input. 

G« Minimum Hardware Configuration 

. Iw lo'ee LPM printer with OMR regis- 
tration^ 

2. 1000 CPM reader 

3. 550 CI?M punch 

4. 3 Tape drives 9 track, at least one 
dual density 800/1600 bpi 

5. 2 disk spindles — total capacity 
5CM bytes 

' II. Weighting cr he 



Cr ite^r ia 



Minor 



T.ime Sharing capability 

1. lest results 

2. Languages 

a. BASIO V 
D. FOkTRAN 

c. COBOL 

d. AL 

e. KPG — ^ 
t. BAL 

t 

9. A string processing 
lanqua^€=^.g. SNOBX)L . 
and/UT LISP 
n^ Mathematical array 
.language — e.g. APL 
(TTY cOmp.)' 
1. Pl/1 or similar 



jf^Manuf acturers support* 
ij (including perspnnel) 

t'l. systems support 



i2. Hardware mainte- 
nance / 

/ 

;3. Application support 
{including a data'| 
'tmana^ement System) * 

4. Vendor educational 
support 

Hardware factors 

1. KJE 

2. Average cost/ 
terminal including* 
communications 
equipment 

Core, Diskr Drum, etc. 
All costs exclusive of 
actual terminals. 

a. up to 64 terminals 

b. From 64 to 1Z8 
terminals 

3. Aniount of disk 
stor^^e 

4. Cost 'and' ^moun't 
of ad(J-on disk 

• < 

5. C%|pacitv» for iiigh 
speed synchronous** 
ports such, as 
requir-ed fbr graphic 
display 

6. Maximuirr number of 
terminals weighted 
logar ithmically 
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35% 
« 

15? 



10% 



2%. 



1% 
1% 



5%- 
5% 

3% 
^% 

^1% 



15% 



15% 



3% 
3% 
2% 
1% 

2% 
3% 



D. JCL simg^licity-* 

1. time snaring capa- ' 
bility » ^ ' 

* 2. Batch capability 

3. Degree^of similar- 
ity — batch and time 
sharing ( 



20% 



10% 
5% 

5% 



^s a result of this evaluation the 
committee selected a Honeywell 6023, a 
configuration put together by Honeywell 
for the first time for this ^proposa^ . The 
system'was installed in June-July 1975 and 
has met out needs and expectations to this 
point. 

Part of our evaluation ptrocedure was ba^ed 
on the experience gained by the 'selection 
team at Milwaukee Area Technical College 
(1).. ^^ore recently^ two other useful 
references have appeared (2, 3) . 

•COURSES Af^D FACILITIES 1976 ' ' 

The enrollment in » 'the College^' has 
•increased to ' 26,000 day and evening 
students, with /.concomitant diversification 
in nationality^- cace, and preparative 
background. This widening spectrum qt 
several, dimensions is causing proDl€ms 
which "we have not as yet .solVed. The 
recently installed Honeywell 6023 has cqre 
storage for 128K words and 30 terminars, 
and plans exiS.t ' for increasing these to, 
192K words and 120 terminals. There is 
compilation software for the following 
high' level languages in both interactive 
and batch mode: BASIC, .FORTRAN-, APL, 
,PLANIT, COBOL, etc. * ^ 

THE COMPUTER ASSISTED LEARNING CENTER 

Initially, instructional ^computer usage' at 
CCSF was dominated by the Computer Science 
. Det)artment, and of course, tirart" 
department, with over 880 student^, still 
constitutes a large segment -of 
time-iShar ing users. However, many other 
disciplines now u^e the computer for 
instruction, •simulAtion and testing. In 
addition to instruction in programming, 
students in chemistry,^ physics, 
mathematics -and engineering run locally 
written - programs -to ana-lyze data, make 
calculations, and • simulate ^exper imentsV 

The Dental' Assisting Department' has an 
interesting 2^>pl icat ion which involves 
testing. Each year the students who are 
about to* graduate take a test, 'at a 
terminal,, which is composed of * sample 
questions from the California State Licen- 
sing examination. The computer checks each 
. answer* »as it is given, and responds with^ 
right *or wrong answer messages. Since this 
program has. been in use, the number of 
students passing[ the liceosing e'xam on the 
first try has dramatically incireased. 



Sociology students us^ system library 
programs to do statistical analyses on 
their aata, and run a program which 
expl'ores sex role attitudes and 'st6re6- 
tj'pes. Business students "use the computer 
botn for .calculations and for simulations. 
Ihe Architecture and Engineering depart- 
ments are planning heavy use of graphics 
capaDil^ities us'mg a graphics terminal and 
tablet. Many students use on-line 
tutorials to learn FORTRAN and BASIC. 
These are onlry examples; new users and new 
applica'tions surface* constantly. 

One unforeseen phenomenon is tne great use 
ot time-sharing facilities by "dtop-in" or 
chance users; that is, students who are 
not takinq^^ny courses which require use 
of the sy^erpr, out who wander past the 
termina^:^ aiiea, inquire as to what those 
"m^^pfunes" are, and later become regular 
userSr learning to run existing prog^rams 
and to "write thei'r own. 

The terrorinal area is called the Computer 
Assisted Learning Center (CALC) , and is 
part of 'the Learning Resource Center. It 
began a$ a tew teletypes r connected to the 
hP 2V)fe)k) mentioned earlier, which were 
placed in a corridor of t|Te library, along 
witn typewriters and copy machines* The 
terminals became very pppular, and it soon 
became evidept that supervision and 
instruction were necessary. A, nearby ? 
room was reroodele'd, to house the termi- 
nals, which ^soon grew to ten, and a member 
of ttte liorari; staf^ volunteered to manage 
the area. Demand for timesha-ring access 
grew, demand for broader lang'uage 
^capabilities' 'grew, .and demand for file 
spac^ grew, which resulted ultimately in 
the/kcquisition of the Honeywell system to 
meet those *needs. Again the area was 
remodeled^ and now nouses ten. CRTs in one 
room and ten teletypes 'in the other. Both 
rooms haye,,^laakboacds so trtey may be. used 
_as classroom^ we expect to have a large 
wall-mounted video monitor installed soon, 
so bnat students may see exactly what the 
in^s^uctor is doing. 

STUDENT 'access TO TIME-SHARINS 

CALC provides probably 90% of l:he student 
access to time-faring, supplying nearly 
50,i)BM hours of connect »time annu?illy. 
Student consultants, who clre proficient^ in 
various languages and conversant with 
the system in both* batch ^nd time-rshar ing 
modes,, are on Quty almost every hour that 
CALC . is open. They give orientations, 
as^.ist faculty users, instruct ' novice 
users, and aid students who are working on 
assignments or independent .projects. la 
addition, they do programming for faculty 
and administrative use|s on request, and 
provi4e all of th^. prbgr^itaming support 
for a wide variety of Learning Resource 
Center applications. <5the.r CALC student 
ilids . .pr.epare <3ata^^ either Keypunched or 
e'ntered directly at a terminal, for LRC 
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and faculty projects. / 

CALC maintains a* library of system 
manuals, data processing /equipment 
information , ^mater lals about educational 
applications,' and ^rder^/B " self- 
instruct lonal mater ials and' books about 
computers. C/^LC loans portable/ terminals*^ 
to faculty, arranges for temporary 
transfers of terminals Lo various 
locations, for demonstrations, etc., and 
serves as a central info^ation and 
service center for systjem nisers. The 
coordinator of CALC also pr^ovides tailored 
bibliographic searches of ^ the numerous 
on-line data bases available from 
Lockheed's DIALOG and System Development 
Corporation's OkBIT systems. 

The future promises two exciting and 
propitious develophents. Tirstj we are 
beg inning to implement an on-1 ine data 
base, using dataBASIC (4) , of self- 
instructional and rej^^iew materials avail- 
able in various locatibns on campus. Each 
title will be re£r ievable by titles 
subject , descr iptOr s, type ( instr uctum^ 
review, t^st, etc.) , level (elemefttary, 
. intermediate, advanced? etc.), call 
. number , loca.t ion and medium (casse.tte , 
workbook, etc.). Included in each record 
will be . publishing information ahc3L th4 
length or number of, parts. The d^a base 
is designed to aid instr'uct<^^ in 
direct i-ng » S|,tu^ents to appiopriate 
resource^, as well as enabling students to 
find material/s by themselves. ,BUiltl into 
the system iS a file in 'which re^qdeWts are 
stored. So Ahat we can determine what 
materials ' to ^obtain to fill unmet^needs. 
we foresee the development of similcJr data- 
bases of scThoolr Career, and community 
services information '<see Appepdix) • 

** we expect to, integrate a great deal of 
computer-assisted an^ computer-managed 
instruction into the curriculum, usirig 
PLANIT" (5) and components of ^ 
* computer -assisted test * construction 
system. The student- (^dy- at CCSF is ^a 
pa r t ic dl a r I'y he te r og e no us group, yet iti 
one way almost'half of it is alike. Abou^ 

^ 50% of all students entering the college 
.iire required to' take remedial-type 
Mathematics and/or Engl ish courses. Many 
students repeat, those courses. .we 
believe that .much 6f these! instructional . 
. function^ can be .better handled using 
compujier-based techaiqudT^* because oi 
the enhanced ability to^ ind,4vidual ize 
learning . GED or high-schbdl graduation 
equivalency instruction also "be 

implemented, as mentioned below -'in the 
discussion ojE .the department ot Chemistry* 
CAI and CMl will probably /al*so become 
extensively used. in ndnt&medial 
lnstruction,:*'ior. example, to pre'sent short 
courses, (as recently /fauthbrized .by the 
California ' State Legislature), and 
independent stucJy sequences, in var ious 
disciplines. Sucjl applications could be 
very useful at the College's satellite 
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communitv/ G-enters as well,/ ^ enablingv 
students/ who gannot, because of their life 
situations, attend the normally scheduled 
and 's^^uctured courses now offered. CALC 
staLc . will prCivide %he* instruction,- 
teonnical assistance, and file-building 
^«ipport necessary to implement such 
ctivities. • 
» 

EVOLUTION IN CHEMISTRY 

At the time we joined the Department of 
Chemistry 'at thi^ college' in the Fall of 
1971, only one other faculty member, like 
oursejves, had had -computing experience in 
chemical research, but no one had had it 
in Education. Thus we were very unsure as 
to where or npw to make a start. Courses 
offered in the department fell into three 
categories, with no use being made of cQ^i- 
puters. ' . ^ 

A) High School parallel courses for reme- 
dial students: 

Chem of the terminal variety 
Chem 40, somewhat mor^ rigorous, lead- 
ing to University parallel work 
Chem problem solving « 

V 

6) University parallel coorses smilar 
to those of the' same number at the Uni- 
versity of California at Ber-keley: 

Chem lA, IB, the standard freshman 

offerings 

Chem quantitative analysis 

Chem 8,^ organic for pr e-professional 

students 

Chem ■12A, 12B, organic for chemistry 
majors _ 
Chem 10r for^lib^ei^al arts majors 
Chem 14, theirmo&ynamics . 

C) A chemic^ technology curriculum: 
Chem 6lAv 61B, 61C 

The department currently has examination 
item banks for several courses. These item 
banks are being used with computer assist- 
ed test construction programs to prepare 
examinations for these courses on a 
regular basis, we have made the initial 
implementation of a dafa base of self 
instructional materials for chemistjry and 
we have accumulated a library of drill 
and practice programs, many of which are 
described below in connection with 
specific courses. In general however these 
programs are. quite generally useful to 
some students in all of our chemistry 
courses. 

We ar6 currently modi'fyi'ng > a- jrariet'y^ of 
application programs in Chem.istry as 
supplied by Digital Equipment Corpora-^ 
tion. Among these are MOLE (6)- for 
practice in fram/mole relationships, ^'&ONb 
(6) for exercises in chemical bondihg, 
REAC (6) on calorimetry, KMNO (6) for 
redojc " titrations, PHOH (6) for Simple 
acid/base relationships, NUCL (6) for 
balancing nuclear^ equations , ATWT (7) t6T) 
atomic weights, j^rom isotope abundance,. 
DECAY (7) for radioactive kinetics, EMPIR 



(7) for obtaining - empirical for-mulae, 
EQUIL (7), for observing concentration 
constraints on equilibria, MASSD (7) for 
computing .mass defects, GASLAW (8) for 
applications of the ideal gas law, and 
RAOULT (8) for coUigative properties. 
All of the.se use a dialect of^ BASIC, and 
have themes sufficiently^ general to be 
useful in many of our i courses and* to 
students ^t various levels. 



CURRENT 4JSAGE IN INDIVIDUAL COURSES , ' 

• ■ 

Chem J: This course is geared especially 
for the needs of our less mathematically 
qualified students and uses a text written 
locally (9) which lemphasizes the actual 
setting up of a problem for solution* Since 
there is a veryl^arge variation in the. back- 
grounds of the students enrolled, this 
course is ideal for the use of.fcAI, and con- 
sequently we now use a variety of programs 
for individual learning , including Logar ithms , 
Scientific Notation, and Metric System (all of 
which are based orr. CBIS (10) programs) , Gas . 
Laws, and the Mole Concept. 
Since we vi-ew this course also as one 
where the students should learn some mech- 
anical skills, they are encouraged to 
solve 'a given pro'blera in a^large variety 
of ways, which include, desk calculator 
manipulation and simple use' of FORTRAN* 
Problems which we have looked at iq this 
way range from simple Tempferature Con- 
versions to KTOBETA, the computation of 
overal 1 formation constants : *f rom input, 
stepwise constants k{j} for any complex 
system: of chemical equilibria, followed ^ 
by testing for the tendency of a species 
to disproportionate. 

Chem 40: We currently use only ELPIG, a 
local modification^ of Davas and , Cross' 
program (11)' for tabulating the electron* ^* 
configurations and energy levels for any 
string of elements, and EQBAL (12) of 
local or igin for balancing chemical 
equations of N terms by Gaussian 
triangular ization of a matrix of rahk N. 
This program differs from Brown's (13) in 
viewing the problem as one of N 
homogeneous linear equations, in em- 
ploying the elimination method, and in 
using onJi,y one matrix of r&nk N, instead 
of the (N-1) cofactprs of many authors 
(14) C ^his method also has an advantage in 
t^iat it produces the coef ficientS as 
relative primes. 

Chen\ lA: A routine . for tabulating the 
Boltzmann , Distribution for a. gas*has been 
used for some time and more recently we 
have added programs ^or 1 inear 
least-squares analysis of data for * * 
experiments 16 determine the heat of ^ 
vaporization of organic liquids according 
to the Clausiirs-Clapeyron equation and the 
heat of solution of inorganic sol'ids^ We . 
are about i$ include several Arhore. Among 
these are procedures .for solviYig net ionic 
equat*ion^, for obtaining the precise pH 



of a polyprotic acid, Lor computing *the 
Kydberg constant from the hydrogen 
spectrum (all these of local origin), for 
calculating van der Waals' volume (15) and 
tor comparina the lattice energy of simple 
crystals as calculated both from tne 
hadelung formula and from trie Born Haber 
cycle (16) . * 

Cnem IB: The following programs are used, 
some of /£hem developed locally "from 
scratch vnile . otners are local 
modif icat lorrs ot programs obtained from 
other sources!: ELFIG, as described above 
(11). MAGHOrL based on Brown's program 
(17) for compu tin g — three models of the 
paramagnetic moment given tne appropriate 
quantum numbers. ABTIT (18) a procedure 
for calculating and plotting the 
neutralization at any point in the 
titration as calculated frpm tne cubic 
equation for tne weak ac^id/stpong base 
situation usng a NQwton-Raphson technique 
to any desired^ accuracy. The first and 
second derivatives witn respect- to the 
concei>trat ion before reaction of added 
bases are - then computed. After tab- 
ulation, .all three functions are then 
plotted, although, for the sake of 
visual clarity, the second derivative H2 
IS replaced by SIGN (ALOGi0 (ABS (H2)), 
H2) wnicn also- illustrates tn^ remarkable 
drop at neutralization. CWISP, wnich 
calculates the molar sorlubility of a M 
salt with Known solubility product in the^ 
common ion Situation "(19) . From the 
equation of interest (A + nx) } n{<mx) }m{ - 
K{sp} = 0, tne lesser of tne twOi approx- 
i^nate solutions log(e}x = • log{e} 
(K{sp}/n)n{/ m}m{)/^n+m) and log{e}x =. 
log{«} (K'(sp}/ A}n{/m}m1)/m, each obtained 
■ Dy ri^glecting one of the tertns in the 
compound factpt (A + nx) , i-s*cnosen as the 
z^roth tc ial foe iNewton-Rapnson iteration^.^^ 
Convergence Is usually obtaine^^i to the 
criteiflon ' -if^BS ( (x{ i+1 }-x{ i} ) /x{ i} ) < 
10}-7{ witliin 8 cycles. PESF€, a local 
modification of Zavitsas/ prog-cam* (20) for 
plotting potential .energy surfaces tor 
atom transfer reactions utilizing tt\^ 
Mor^e equation., QUAL, (21) whic^ randomly 
selects an unknown 4bnsisting of two or, 
more cations, accepts input « descr ibing 
laboratory ' operations "ADD reagent, HEAT, 
DISSOLVE", etc. and describes the outcome 
of such action {e..g. A WHITE PRfCIPXTATE 
ilS FORMED) . The student may identify the 
'-^cations m the <?riginal un):nown basled on 
'these tepor-ts of outcomes. FROST, a 
routine on a small HP 910-fl, for plotting 
Free Energy-Oxidation I State- (Frost) 
Diagrams (22), as developed by Mt^ller and 



Nauraann (23) of this department. 



Chem 8: For two semesters we have, found a . 
few .larger programs useful in teaching 
some coSicepts we would otherwise not have 
attempted, to teach. MOCLG, is arvextended 
Hucke^\ Molecular' Orbital calculation, 
based on the one listed in wib^rg's book 
(2^). The .simplet concepts of* quantym 
mechanics (eigenvectors, ' eigfte^alues. 



.honormality, electron density, pi-bond 
order, etc.) have been found to be quite 
teachable using this metnod. ISANE and 
ISALC are based on the program of Davis et 
al. (25) for . calculating the number of 
isomers of the alkanes* and alcohols (or 
alkyl groups) respectively. The latter 
prOgi:am computes all isomers of each class 
(primary, seconday, and tertiary) while 
the former computes all isomers in nine 
classes up to 29 carbon atoms (we are 
limited to integer ari^thmetic because of 
round-off errors in the floating-point) • < 
By no means the least useful point here is 
that the mathematical principles of 
Gaussian congruences and the centric and 
bicentric trees of Cayley (26) are shown 
to be useful in a chemical situation. 

Chem 14: This course has traditionally 
treated only Classical , Thermodynamics, bwt 
'this semester we plan to implement the 
introduction of Statistical Mechanics with . 
setter al programs adapted from those ^• 
developed in Gwinn'5 (^7) labbratory for ^ 
obtaining thermodynamic fi^nctions^ from th^ 
rotational and v ibrat ional partition 
functions. This course has no computing 
prerequisite, but tne students are select 
and at present seem-mature enough not. to 
mind being asked to ;?wim after having .^been 
thrown -into the deep end of the podl • So 
fa-r they have been' learning t batch 
techniques with such /procedures as 
numerical integration and -least squares. 

A NEW COURSE: "COMPUTERS IN'CHEMJ'STRY" (28) • 

This ^urse,.Chenj. 7, now in existence 
for five semesters, was instigated primarily 
to* strenthen our semiprof essional t;wo-year 
course C^J study in Chemical Technology, 
but several of our scientifi-c majors have 
^Iso takeri the Course for credit. The onl.y. 
prerequisite is one semester of College 
Chemistry^ it thus stands a^ a sophomore 
course. The catalogue description is* thus: 
"General t>Urpose automatic digital com-* * 
puters. Concepts of algorithm, l^anguage, 
and flow charts/ Programming and numerical 
methods. Use of FORTRAl^ to solve problems 
in Thermodynamics, Kinetics and Structure," 
, The* text by Mbrrill and Smith (29) has 
been found to be satisfactory for our cur- 
rent needs as the principal text, although 
we arenow using* the* BASIC language to solve 
' so'me^. of our ^robLems, so that some supple- 
.raentary text | mate^ ials are also necessary 



(30) 



Other 



texts have also been used (-SI), 



The lectures are . designed to teach the 
student to set (ip the problems so that . 
he is then- aple to submit his own jobs in 
his Own tiime to the computer. Individual 
students arte encouraged to manipulate t 
troublesftoot an<3 add flexibilities to ^ 
programs a] r.eady in 'existence in our 
Department <f Chemistry Computing ^ Library . 
The One s( mester course may currently be 
broken down Into; 3 weeks' of Algoritfhm and 
Numerical llethods; 3 weeks of solving 
Chemistry Problems at the terminal upingf 



tl)e BASIC language; 5i weeks of solvino^ 
chemistry problems oh the 6023 using th4 
FORTRAN language; 3 or 4 weeks of work /On^ 
individual assignments • / 

wariy of orur students have become/so in- 
terested in the . computational techniques 
tnat they have been employed by ]Xs in sub- 
sequent setnestfers to malce ^rther con- 
tributions. In fact, some of ^tie graduates 
of the Chemical Technology program still 
collaborate with u^. Not^ the least worth- 
while aspect of Chemistry 7 is its fur- 
nishing of so many of the programs both 
.modified and written from scratch by its 
students to ourj Chemistry Department. 
Computing Library 'a^tid ultimately to our 
other courses. The' emphasis is on. 
Cnemistry using computers, rather than on 
computers using^^^Chemistry ; on problem 
solving rather th'an coding*. 

FUTURE PLANS IN T/ljE DEPARTMENT 

One "of tne long /term problems in the ^O^- " 
partraent is th^ 0i;oper placement of Chem- 
istry students' in introductory courses. 
Som,e of our ]' stiidents enter with deti- 
cieocies in ^ciepce or mathematics and 
need remedial jcourses before entering 
university-lefvel 1 courses, we are pre- 
sently making 'preparations to use Pattern 
Recognition / (Aif^ificial Intelligence) 
techniques with test scores on a battery 
o.f standaifdizela tests as a way of 
screening ,thesef students. In addition, 
once these students are appropriately 
placed, th^re will be a greater use of 
self instructional materials to aid them, 
we expect ^to set up a terminal acces- 
•sible base of self instructional, texts, 
filmstrigs cassettes and computer programs 
to facilitate iheir use by needy students. 
Tapes thetein; should include instruc- 
tions on thfe introduction to general 
laboratory techniques and on the use^ of 
specific laboratory instruments and equip7 
ment ^.{e.g. balances, NMR, and X-radlativfe , 
techniques^ chromatogr aphs , polarimeters) . 
Time-sharing tierminals in. the labor-atories 
will afford us opportunities to develop 
computer simulated expe.rlmehts Je.g. in 
chemical ' kinetics , qualitative ^alysis, 
caloriraetry) w checking of student calcu- 
lations, andj analysis of « e^fperimental re- 
sults. I • 

Owing to recent remodeling of our building 
at a . cost of $2M, we now house twelve 
chemistry laboratories, nearly all of 
them each jequipped with two jacks for 
time-sharing terminals and with color TV 
monitor 3. j Our audio-visual and 
broadcasting departments are both well 
equipped afid prpmise to be cooperative. 
Lastly, we are planning' to reorganize our> 
stockroom facilities. Included in th^se 
plans is the ' installation of a 
computerized Stockroom Inventory S^steme 
something.^ alon^ th^ lines proposed by 
Deutsch et al. (32) . 



LOOKING BACK f 

Our new computer system has now been on 
site 'for about eight months, and students, 
faculty and administrators all seem very 
happy I with it. Somebody's Law, which 
states that computer appl ications will 
expand to exceed available system 
resources at a rate approaching or 
surpassing ten times the number of yeafs 
left on the lease or purchase contract, is 
operating nicely** We already plan major 
upgrades in core, disk and communi- 
cations facilities. The single most 
significant contributing factor here has 
been the increase in the administrative 
load and expectations, and is directly 
related to one of the most important 
things we feel we would do differently if 
and when we go through the selection 
procedure again. That is the "education" 
of the. administrative staff concerning 
what is feasible , desirable , and logical 
in educational data processing w^ith to- 
day's systems. When the Selection 
Committee began developing criteria for 
evaluation, and tried to include 
long-range growth factors, they were 
resolutely and adamantly told that all ^ 
that administrative personnel wanted from 
the new system was the ability to do what 
they were doing then. They were told not 
to anticipate growth in administrative 
services or file space needs, and not to 
expect additional fiscal support from 
them. Now that we have a successful in- 
stallation, and computer-base9 regis-' 
tiration is a roaring success, everyone 
wants to automate everything. 
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Honeywell '*s dataBASIC systeat ^rov ides for 
data base management and irf^uicy by 
combining data base inanipulati^. capa- 
bilities with a- BASIC type I'^nguage.' It » 
permits a tile to be construtft.ed/ main- 
tained, retrieved, and deleteitj5pv a 
content-addressable biisis. Records of 
any size^ cantaining from oTie^^ to-. hundreds- 
of fields, may be created coifni5!j.^ti(e^y 
without record descriptions. '^bJ^iX^Covds 
ar^,*in fact, se 1 f -de scribed and -pr^ce^sed 
on the basis of field names andv<^lues 
which are supplied by the use^r' At.'^^tl^jB ■ 
time of'record steerage. ' 

■ . • '"^9. 

dataBASIC differs from most datef-^^na^fe- 
ment systems in thati ^^1^^ 

a) it can be run interactiveLi^i^ 
the programs can be created and 

the time-sharing mode ^"^^v^X" .^^ 

b) it can be learned and used ^^^^pgr? 
specialists; a few hours with the^^-w^mia^ ^ , 
is sufficient to allow anyone acquaViRt^V 
with BASIC to write a/'prdgram vV.' I'^rV- 

c) for many applications only a . -v-Vi;*^ 
relatively few (5-20) lines of code ar^^fa ^« 
necessary in a program to retrieve the'. ;^ 
desired information ' ''^ 

d) a body of text associated with the*-.^..\c, 
searchable record may^ be stored and 
retrieved. This non-searchable text ^^Vt 

be used -to append additional information? .Sr*i^ 
about the item j.n standard English. * |1 ' - 

The dataBASIC^, system has many applica- 
tions? the few, listed below are sugges- 
tive of many other potential uses: 

Personnel files, where an inquiry 
might involve all single, male programmers 
having FOilTRAN application ekperienc^, 
and whose last ^ate change preceded 
January 1, 1966. 

< 

A medical index of symptoms •and * 
diseases- to aid in the diagnoses, of • 
illnesses. ... . ' 

A "directory of cpmmunitjy service 
agencies retriev«j5le by service offered, 
clientele served , .location , fees and nam^ 
of agency. (This application has been * 
previously»deVelpped and implemented t>n 
a trial basis at CCSF) 



There are mgny other potential ap^Jlica- ^ 
"tions but to our knowXedge!neither 
dataBASIC nor any" other data management 
system has* been used*to tetrieve descrip- 
ti'Ohs of self-instructional materials for 
, either students or faculty. 
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ABSTRACT ^ • 

Using an iTiexpensive Hewlett-Packard 2000E timesharing system, 
students )n the College of Business AjJmini strat ion . at the University of 
San Francisco are being exposed to extensive hands-on computing through 
out thfir four year course of study. From.a market simulation and ^ . . 
statisMca-l laboratory in the freshman year through courses in computerized 
irfformation systems and operations research app 1 icatitfTis to mare complex 
applica1;»oT?s of . simulation in the senior year, . the use of the computer 
forms an integral part of each student's educational experience. This 
paper describes the fise of the HP 2000E at USF. 



INTRODUCTION 

» 

•Every* student in the College of 
Business Administration should be abl% 
to us-e computing as 'naturally' as they 
uiould use a pencil or pen." This is the 
basic philo^sophy underlying the use of 
the Heujlett-Packar.d.<.2000E in the College 
of Business Administration at the Univer- 
sity of San Francisco. 

Since aciiuiring the HP 2000E in 
November. 1974, its use has grown as 
students have been systematically required 
to use the computer in their coxirse work 
ind 'as the students have developed appli- 
cations foi' other courses,^ From- their 
freshman year through the" last course in , 
their senior year, business students 
interact with the HP 2000^ as a rbgular 
requirement. ^ 

This'paptr will present an overview 
of the variety of ways in which the HP 
2000E is used in the undergraduate busi- 
ness curriculum and attempt to indica.te 
the costs -and impact of this usage. 

For a significant number of ijtudents' ' 
in six of the courses required^ for all 
business majors, interaction witfr the 
HP ?000E system is required. In the 
followinj section the nature of each of 
thes« courses as well as the role the 
computer plays will be described briefly. 



REQUIRED COURSES 



BA 7 - Quan'titat'ive Methods-First Course 



BA 7 is an introductowy statistics 
course for business majors." It is ordin- 
•ari-lg ta-ken in the first semester of the 
freshman year For transfer students* 
into the College of Business as we]l as 
for, graduate students, without certain 
core couTrses, it Is.takenAin the first 
semester of th^ir program. 

The pMrpose of the course ,.is to 
'introduce* students to var ious^stat is^ical 
'^techniques starting with charts and graphs 
for data, ^continuing through descriptive 
and inferential uses of^ttie normal curve 
(means, standard deviati ons, t-Tests, 
etc. }, and ending with simp,le and multiple 
regression anal,ysis. 

Iti this tourse, the computer, is used 
to do the clt.ri/al tasks - the arithmetic 
-while tfi^ students . time is devoted to 
setting up the analyses and interpreting 
the results. , 

* • The most compelling example of this 
use is in the consideration of multiple 
regression. How many step-uise linear 
regression analyses could student be 
expected to compute^ by hand during his 
first semesttT^ of statistics? Students 
in .this^course perform at leaiTt three 
ar^d. of ten many morcf as thj»g explore 
ra^|tl^9nsh ips among* variables in their 
^f ]V(f< 'pr6jects. 



The /xnal praject fpir this cbOrse. 
IS an attempt to bring all their work 
in the cdurse ^qgether. ^jlt involves 
collecting data uith an instrument of 
f the st4ident's oun design (usuallg a 
simple questionnaire) and exhaustively 
analyzing it. , 

The main program us#d in this course 
is STATIC This program is used to stan- 
dardize the data format for a varietij of 
' s tat 1 s tsrcal programs alr&adg available 
on thf HP 2000E Contributed Library 
including HISTOG, T--TEST* REGRES, and 
ANVAR' * A program for simple linecir 
regression was added and each of the 
above programs uas modified to increase 
the amount of data each could accommodate 
and to enable each to road ddta fvom a 
common avvai^ filled from data statements 
by the STATIC program 



The HP 2000E )s used in* af:h i cvj^ng 
pach goal but its most important function • 
is in^ tho^last goal uhich revolved around 
the semester long development q,f model 
specifications for 'building a c;omputp,ri z eO 
MIS for a business context a^ the Pinal 
project in the xourse • T 

, V: 

( The programs' \jsed in this course 
are thiosp the students write theinselv^s 
Houever« tuo model .programs are\ avai la^le 
to illustrate the minimuA program uhich 
uill meet the sp ec i f i cat i ons ' g i ven' to 
the* students for their own 'programs. 
These are. 

*INVEN - Th is- program "is used to iccpp 
track of salfes out of inventory* re* 
ord er ing for r ep lac ement and receiving 
ipto inventory for a ten i teJn warehouse 
It is a model for 'the first activity of ' 
the semester. 



BA 4b ~ Introductioi;! to ITusine'&s 



BA 4b IS the secpn^ semester of the 
freshman year course introducing 'the 
broad* c oncep ts of business to the begin- 
ning students. The course has always 
been difficult to defjine and is taught 
(lui te^ d 1 f f erently e&th Spring. 

In this course** a version of the 
Huntington II Project MAR^^ET simula^tion* 
is 'used VThe MARKET program has been 
used* in a variety of ways - from multiple 
taam competition extending Oyer the entire 
seoiester to brief two team contests; 
The use -of this engaging simulation 
introduces b''oth interactive computing -and 
the ^dynamics of the competitive market ^ 
place the simulation was designed' to 
illustra.te 



BA 158 Information Systems, 



BA 158 had been taught in a variety 
of ways When accountants ttach it* the 
focus is on the ''Language of Business*** 
accounting information; when communica- 
tions specialists tedch it* the foc.us is 
on 'communicating iflH^ormation. Now the 
focus is very heaviN^ on computer uses 
in business i^i the brbadtst possible 
sense • * 

^ There are thj'ee goals in the course: 

' ' i ^ 

I 1. Provide strong background knowredgi 
on c omp ut tr uses in but.inest/ 



and 



2 Present some key current issues 
in^ comp uter ized information systemsi 

3 Build hands on tf^xperience in 
computerit'ing business applH^iitions. 



,PROLL - This program* is a model for 
a simple payroll application which is tffe 
second activity of the semester Ten 
hourly employees*' paid ten different * 
rates ar.e provided with weekly and year 
to date pay' inf ormatioji. 

These two programs give the students 
a starting point from which they build 
their own system to perform similar 
functions in the*ir final projects. 



BA 190 - Operations Management 



^ - BA 190 is a requiiy^jd course in 

applicatfori^of opefi^i^^^ns research methods 
to busine^ conteX ts.T^^tlr d ijiar i ly this 
cpursth is taken in ttt^^r^-J.unlor year fry all- 
business majorsr ^, 

A special sectioWof this course 
has been designed f ofi^on^quanti tati ve 
business majors wh ic^'^Iemphasises .the. 
application of operaj^ions management 
vHittJxods rather than t^rir calculation. 
For this experimental; course ^ht computer 
is invaluablt since* as in the statistics 
course* the emphasis is on desigrr and 
interpretation rather^with the calculation 
left to the computer, i v 

C?he course focuses on t\\m development 
of a final project by each student in 
uih.ich the student applies various methods 
covered during the course* to. a business^ 
context which .he develops. Free creativity 
is encouraged arfd more is^ usually received. 

The programs used in this course *- 
'include two designed specifically for 
various methods covered in tha course 
(EVENT - a random ey.ent simulator and - 
INVEST'- a collecti-on of financial 
calculations not otherwise available in 
the 260OE Library) aind several programs 



r er|c 
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from the 2000 Series contributed library 
(i. e # GL? - Stanford GSB's Linear Pro- 
gramming prognemi CPATH GCPATH - 
critical p^4r appl icationsi and H/M/S - 
an introduytion to queueing theory) 

Jhe*>o five programs (EVENT, INVfcSJT, 
GLP, GCPAIH, M/M/S) form focal points for 
the Course In addition to these* uses 
for a uide variety of programs in the 
contributed library are presented. 

Th e op t ion is aluay s aVa i l^b 1 e for 
a s^udent^to develop his oun application 
This has been exeirci&ed to a limited 
degree by the more adver turesome students. 



ELECTIVE; COURSES 



BA I92a ^ Organizatiofiil Theory 



BA 192a is the first semester of a 
tbjd semester sequence taken during t^ct 
senior .year in which all the work required 
of Cusxness majors is brought together 
in cons 1 der 1 ng ' the* operation and manage- 
ment of a business The "theory" semes^ter, 
concentrates on applying various theore- 
tical model-s of organizations to the 
stgdy of businesses 

Und er a redent ly auarded imp 1 emeh tac- 
tion grant from the Lxxon Foundation* the 
cofhputer uiill b^ us«d -to simulate variouis 
models of organizations enabling the 
students tp co^llect anfi evaluate -^ata in 
^ laboratory situation befoi^e finally 
taking their skills into the study of an 
intact organization. ^ 

Ttv£ pfogram uhich^iJill be used in 
this course is LESS " Art Cromer's Univer- 
sity o-f Louisville adaptation of the 
Michigan Experimental Simulation System. 



BA 192b - OrgaT\i zational Bfoblems 

. The "problems" semester of the BA 1^2 
•sequence is the last course in the College 

Business c ur r i" c u 1 pm. It is* t^nde.(f 
to be a place where all thf previously , 
learned skills are applied. Thr»«. t£vi'- 
ties are used in this effort - text casesi 
a project studying a real business or^aji- 
itation and a "Top Management Decision. 

■ ' ^^^^ 
The game used -is the DECSN q^mCi^n 

the contributed' library for the HP' 2000C/R 

by Joseph Nordstrom Bt Boulihg ^reen 

University. While the substance of the 

g*ame h^s been preserved* substantial 

.modifications Have been made to make * 

interactive, versions and versions which 

will accommodate upto 25 teams on the 

HP 2000E. 



BA 199 - Computer Sv 



t^nulat 



ion in Business 



Computer simulations in business is 
a course offered to ^Sve an increasing 
number of interested , students^ an oppor- 
tunity to explore * novel uses of the . 
computer in business..^ In general the 
first part of the' cod(ifse is spent study- 
ing some existing f>3myJations and the 
last part is used by ^be students to 
develop their oun. It the most recent 
version of "this coursei' the EXPER SIM 
progr^am LESS (mentioned as* a source for 
future work in BA 192a)i^Jas used as»a 
method for developing business s iinulations. 



BA 199.7 - Computer Programffiing in Basic 

. — - - 

Some studentsi especially those uho 
transfer into the College of Business* 
find the heavy schedule demand t)f struc- 
tured labs in the Computer Science c«ourses 
does not fit uell into their programs. 
For these students a course in computer 
programming in BASIC# uhichutjlizes some 
Comp uter Ass i s ted Instruc t ional Mod ul e& 
developed on the HP 2000Ei is offered. 



STUDENT INITIATED APPLICATIONS 



Until n<Ju* most student initiated 
applications have^ involved data analysis. 
Some students uho continue in operations 
management type cou*rses have used s-ome 
of the programs ' introduced in BA 190 iT> 
their further work. 

% . ' 

In one novel, app 1 icat i oni students 
in a course on Personnel Management 
designed a job information system as a 
m6dei for computerizing a personnel office 

Becabs£/(^f ' the computer's visibility 
and accessv^^il ityi students do seek poss- 
ible applications outside their regular 
^Course uork for suc^ things as keeping 
track of business^ fraternity «lumnii data 
analv^sis "for student projedts» and a^hqst 
o# things of which. I am probably kept 
unauare An 'purpise-. .» 

IMPACT V COST OF THE HP 2000^ ' 



Prior to the effort over the last 
2 v»vs* COBA students took their required 
computet programming course ^nd never' 
touched computing (jfirectlg again^ Onig 



) 
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a feu uhp continued to take courses in 
the Computer Science bopartment had ang 
further direct contact with the computer. 
Noitf* more and more students continue to 
have direct hands-'on experience uith 
using the computer as a business tool 
through outf their undergraduate careers. * 

Not all of the Faculty in th^ College 
of Business are taking advantage of the 
facility faculty use grous more slouing ^ 
sincQ it can not be required but must be 
developed Progress is being made as the 
pool of sophisticated and eager students 
grous and can be used assist faculty in 
using the computer. ^ 

Cost • " . , ; 



Cost IS aluays an extrf mely important 
top^c 'Rhe cost of each one of the uses 
listed here is so small as to be incal" 
culable Even gross cost allocations ^ 
are probably inflated but some rough 
figures are possible. The system^ uith 
the 8 terminals nou in use (out of the 
16 possible) cos^s about S20i 000 a year.' 
to opeii^t^. This, cost is only for the 
hardware since management and software 
development is accompTished by personnel 
(Teaching Assistantsi other students* and 
instructors) who.woyld bave to function 
an^d be paid in their roies whether the 
computer was there or pot. 

4 If one allocates half this tptal 

to each semester then i^t cost $50 per 
student wr^o will be required to use 'the 
computer (over 200 Students will be . . 

required to use the computer extensively 
during the Spring semester). If you take 
a more realistic number^of students (at 
least 400 will make some use > , th,en "the 
cost becomes $25 p.er student. Allocating 
a th-ird of the cost to a jingle semester 
(4 months) makes the cost for 200 students 
$30 and' for 400 students $15. 

Si^ce the compu^r is, universal ly 
availajble through out the College of 
Business .(and the University for that 
matter) another figure might be^ used.- 
Thelre are over 30J0 students in the College 
and tctie cost to provide this openly 
accessible faclllify to ail^the stud^ots 

i% about $2& per year.* * 

. ■ ) 

The twenty-five dollars p«r ttudent 
per i^ear is a verydlow cost^!! Making 
«ur^e th^t each studei^^' gel(ir$25 worth 
from the machlnt i^^art the task' 
assumed in trying to ' intTi^grate computer . 
use into the entljce curriculum. 



CONCLUSION 



Every computer soph isticate look.©^ 
forward to the next larger system. Work- 
ing insidf* a thimble is not convenient. 
On the other hand, ^the solidly successful 
experienc'e with the HP 2000E confii^Pis an 
initial susp i c i on% that 907. (or more) of 
the kinds of activithes undergradua.tes 
in the College need can be done on a 
small timeshared BASIC systems with con- 
, siderable costt et'f ectiveness accruing 
because the system is not larger than 
the immediate need. 

The. HP 2000E has real limitations 
and a larger system could spur development 
of other applications. However so much 
is being^ done on the 2000E thati perhaps, 
it really is sufficient for the purpose 
oT providing computing power i^i line with 
the goal stated in the first paragraph of 
th i.s d i sc u^s ion. 

Tjhe usage of the HP 2000E ^y students 
has two important? features which it is 
-useful to point out in conclusiop: the 
students do and. learn a* lot and they 
enjoy it! / 
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ABSTRACT: The educational community is in the midst of a revolution without precedent. Unfortunately 
this revolution har not been recognized to have fundamental importance by the majority of the academic 
world. I refer of course to the computer revolutipn and its implications. The revolution has at its ^ 
heart the ability to rOuti-nely^process and work with 'immense quantities of information of all types. 
4^owever, the terriby important question of what information to process and what output to be derived 
therefrom has remained largely unanswered.' 

The purpose df this paper is to comment on academic computing, examine the good and bad, and to see wh^lt 
could be, compared to wfiat is. Hopefully, the reader will be, encouraged to take a hard look at the 
present scenario of academic^ computing', compare to the wild growth of technical capability and, most * 
important af all, rethink what is taking place in the classroom in light of this information. ' * 

COMPUTERS: Hardware. The most important fact about computers is that they are, and are not likely to 
go away. We are already in. the third generation since the computer genesis about twenty ^ears ago'and 
are about to have the fourth generation explode on us. The second thing that should be noted is the* 
very wide range of capability in computers - from the very large "megabuck" general purpose systems 
to the more modest butWvertheless powerful systems based on minicomputers. The capabilities of the large 
, computers go without question. However^ i1> is jus-l being understood that the term "minicomputer'* is 
probably a misnomer. Coupled with cheap mass storage devices, mini's arfe performing very ambitious t^ks 
at* an order of magnitude less cost than previously deemed necessary. ^ 

This raises a third and most important observation about computers. The computer product line is about 
the only commodity *that is steadily decreasing in pst while all others are steadily rising. The 
perfofmance to cost ratio of mini based systems in particular has increased by such a dramatic amount in 
the past five years that it is doubtful whether the cost of computers is a serious barrier to their 
use in the classroom. However it is still'easy to use cost as a rationalization of a decision not tb use 
cdmputers. * , 

Software . In the early days of computing, there was no such thing as a casual user. The barriers of 
machine language, assemblers, and the like had to be surmounted before course content could be treated. 
This had the predictable result that the classrooms of the nation were almost a complete computer vacuum. 
Software developments have changed this dramatically. Now, only a few hours of work are necessary to 
introduce the professor or student to the computer, and to enable v1af)le use to begin, • This is a mixed 
blessing however. The early computer practitioner spent the majority of his time In details of computer 
iuseage and the minority in curriculum related activities. Now, the situation has' been completely reversed. 
Almost no time Is needed to lear^ how to use the computer. Now the most frightening question of all is 
thrust*squarely in the lap of the professor. How should the computer be used? How should the course be 
different? We are very far indeed from the answers to these question's. 

Languages exist In profusion - FORTRAN, PL-1, APL, and BASIC to name a few. From a pedagogic point of 
view the interactive languages (APL and BASIC) are to be preferred for classroom use. The advant^e 
•being that results and errors generate immediate output that reinforce the educational experiehce with 
the student. The 'batch process approach far from being deslreable oiay be counter productive unless the 
program turn around time can be kept less than ah hour. 

Practitioners tend to defend their favorite computer language with missionary zeal. It 'is probably a 
mistake to be drawn into this battle. Quite often, the fact that only a single language. is available 
dictates that it must be used if the computer Is to be used. It seems far more Important to be concerned 
with what Is being'done with the language rather than which language Is being used. 

* Reprinted by permission of the publishers , from Computers & Education , Vol. 1» No. 1, Spring 1976. 
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Pockqt Calculators . We certainly tannot afford to overlook the importance of the recent explosion pf 
pocket calculators into the market. The realist must note, however, that the acceptance of pockfet 
calcula^x)rs in the classroom is taking place at a depressingly slow rate. One would expect that! teachers 
of mathematics^ physics, chemistry,, engineering, and ihe othpr sciences would leap at the opportunity and 
inherrent advantages involved with use of pocket calculators. For a variety, of reasons, most unljenable, 
thrfs has not taken place. ^ • , * . ' 

Most probably, students wil.1 force the issue of calculators in the classroom if it is not resolved by . 
professional eclucator^. As with computers, pocket calculators are not going to fade away. The eiiufational 
prpiesslon must^face up to this issue. We will return to this topic la4;er in the paper. 

CONFUSION: The Classroom Role Of The Computer . As indicated pf^iously, it is far from clear* just what 
. should be done with computers in the classroom. The tendency jo the present time ha,s^been to u^e the 
^ computer to do those things , that were going to be done anyway, merely,JFaster* This seems , to be a ^ery 
shallow approach to a most important question of fundamental importance. '©'v6n the power of the ctmputer 
It would seem likely, that the internal and external appearance of a course should be dramatically differ- ♦ 
ent^ -However, academic inertia is a law all its own. It ts very difficult to make significant changes 
/^itfcourse content and computers don't make the 'process any easier. 

What is needed is a rethjnking of the fundamental objectives of ever^ course. The computer gives Js t^e 
capability to short circuil. the linear^set of prerequisites dictating' that course A precede course B 
which must come before course C and soon, if we are brutally honest with ourselves, there Is. an 
incredible* investment of mathematics required to gain very modest returns in engineering and phys»ics 
classrooms. Even with this investment the student Is introduced to a somewhat" tfrti fid a V "laboratory , 
world" where equations are always linear and (^solutions always seem to be at hand. More real istic 
problems either are not examined at all, or are simplified to the point where^anaiytic methods ^can be 
■"used, but where the problem solved bears only passing resemblance to the original. 

With the computer, the student faces no artificial lim'itations such as tjidse described above, with almost 
zero mathematical investment students can become invol ved^with the s>ibstaoce and heart of a course and 
obtain results which often cannot be obta»rn^d by analytical methods in any case. These applications do 
not need to involve monumental programrtiiWo efforts. Far from it We ry simple and' elementary programs 
furnish powerful capability. Two example^ will be considered to illustrate the polnt.- 

\ / ' 

* Problems^ Involving Forces And Motion . All engineeri|\:^iiM science students spend a great deal of time 
working^ith motion problems involving F<ewton!s S^c^p Law. Most of the activity is a. variation op a 
theme - given initial condit;ions and forces in^^%prQbl6m, obtain the closed form Solutions for the* 
velocity and position. . TheUnathematlcal iny^t0>ent tb handle , this type of problem is two years of, 
, 'algebra, one year'of trigonometry, and the '^^iff part ^f "one y^ar of calculus. . - 

'\ ^^'^^ , * . • ' ' ^ " •. ' • 

Let us now look at the same type of,pjeo^1em as' structured for the^ computer. In difference forti, Newton's 
Second Law becomes: ';// ^ . • . " 

► 'M-£ * • . - ^ 

, At * in * . ' - ' ' 

At ^ • ^- 

With little effort it is easy to transform these equations to the form below. ^ 

Vw "-.^pld m 

A very simple BASJC program to solve these equations is given in figure 1. Note th^t most of the program 
* Is given over to remarks to clarify what Is taking plac^. The most Important 'line In the program Is 
•line 160.^ As given, the force Is set equal to -TO. However, If we want to examine any other case, 
all that must be done is to modify this single* line. Thus, while the computer does Aot produce closed 
form solutions. It does produce n^^merical solutions to whole^classes" of problems with a single^ program. 
This program Is very elementary and doesn't even have a stopping algorithm* When thfe ^ser has seen 
^ enough he interrupts the program at the keyboard. Note also that the calculations could hav^ been done . 
equally well with a pocket calculator. Ali^the matheitiati^s .that Is required is about a half year of 
algebra at most. * ^ , • ' * . * 
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i;»*«^,KKi INPUT tNiTiAf, msiTio^; iNTri-Ar, vKi.ucvrv, -avj:- ppi.J'a i 



. . ' - r:£M' PiUfiT .offT Tia«-:, POSITION, m:d ^^.tbcrv-i . -X *. \^ 

* ^ > PRf^jr i^xo^v^'^'^. ♦V ' - 

* 170 l<D>/:Oi.PUi;f»?»^ VALWS )r il 1E» POajTlO^J, ^^lt) v»UyCTTY 

r5^^L^r^l«VH+F*0/.M ' . ' . ^ / ' 

r / • 220 LET V0«V1 ' ^ ■ ' . ■ ^ . //I, 

23*"^ V-r XO=Xl * /. ■ 

> . . , 2,4 ) i.OO? »VACK ROW ''KXT C^I.CULAli()N . ;> 

• \, ^ 2S.r JOTO 13tv • . * ' . • ■ ^ ■ * •". 

_ * , Figure 1- Program Fpr riewton's_;.SecOnQ -Law. , • ^ \ .* * ^ 

The output of the program above contajoed in'* Figure 2. The InW.al position wis 0,;the initial 
v^locitv +ip, and fiass U.^fnd the time increment 0.1". Th^ first column tn th.e. printout* is, time, the 
second position, and the third is velocity. The program was tnterrupte(j at t ^ 2.0, S^^t\p^e. results like 
this can often'lead to powerful conclusiOTS. After using 1thfe*.program fof some time, a S:tudent-<fam6 tD'oie^ 
with tjje observation that he could change the initial conditions," chaoge tije forxa to other constant 
values, but when the position data was graphed he.alv<dyi got parabolic results! Upop .being asked" why 
he thought t-hey were .parabolas, he relied "because they go up and dof#{i-" The suggestiorr was made that' 
PQ^s1b3y SQmethlng-a bit more precise. cpJld J3e leameJl If.succes^lve differences weft^e to fcre taken of the . 
calumn-of positiorf tfata. Of course, thfe student imn).ediately discovered that the second differentes were . 
Identical and the th-ird differeneee wef^all ^ro tJius confirming the^fact that the curves were parabolars.^ ; 

. ' r ' . ' * >• - ■ ■ 

If the force is set' equal to either the positive or negative' \jalue of the "instantan^pus ve1(ic1t^,*the 
mathematically astute kpbw that solut^ion for position is an exponemti^l .functioo- .Stqdents; of course, . , 
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figure- 2 ^ Printout For Constant Force ' 



erIc 




The Initial conditions remain tfiie same as for the printout In Figure 2. After running this modified 
program, the s'ame student referred to above was back with a very puzzled look on his face. He had 
obtained the printout w1th.no difficulty but wanted to find out something abojjt the nature of the posi- 
tion data. Using the same technique as before he took successive differences of the position data. ^Hls 
confusion centered on the observation that each of the columns of differences could be obtained from the 
previous one by dividing by -lO. Furthermor^* the process seemed to go on and on, not -terminating as 
was the case with the parabolic positi^on da^jb. Only a few minutes discussion were needed to point up the 
fact that the student had discovered the naturd of the derivative of the exponential function. Th^ print- 
out for the modified program is In Figure 2. 

Of course* only two examples of motion problems have been discussed here. All that Is required to look at 
eny other problem is to make the appropriate changes in the line or lines In the program that define^the 
fqrce'. We muist point out that tfte numerical method- ' • 
' ^ ~ ■ • , - ' 
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* . Figure 3 - Printout For Force Proportional To* Velocity \ 

* . ' ' • * - _ ■ . ' ' \' . ' ' 
;-utt1l2^ t^^uTar.'s ^riethod),^s highly susceptable to error buildup. However, simple changes that are easy 

tor mof^^ate ^^^n mki the' numer1'(^al appfOxljnation quite accurate. / 

J^redatof-Prey Model The second example also Illustrates the large returns tliat can be realized with 
V bit t)f, math^atics and the computer. The example Involves the classic Volterra pre^lator-prey equations 
qtverrbjerldw:' , / . " - 

g=-cy + dxy . • 

■ I-rf the$e equations; af,*b, c/and d are all positive copstants. The prey population Is derfoted by x, ftnA^ 
y refers to' the predators. 

These equations are nonllViear and cannot be solved In terms of elementary functions. However, ♦with a 
btt^of marthematlcal sl1ght\)f hand (requiring mathematical competency through differential equations) one 
caft-.bbtaln a':plot -of x versu^ X» ' • * ^' . 

. .... ."^ ^ ' ^ ' 0 

The .y.QUertra equations seem a bit artificial upon^lose examination. First, if the predators disappear*. 
. the pr'ey 1ric"reas5^ Mthout limit following an exponential growth curve. This would require an environment 
^with infinite resourtes which certainly does not seem reasonable. Secondly, If the prey population goes 
[io zeftiv th^ predator population-falls off exponentially. However, with' the food'supply gojre, it would 
'■s^' more* reasonable that the predftor population would drop to zero^ Immediately v 



The situation Is made precisely for the computer. The Voltera equations are not too realistic, but at 
least a solution of sorts can be obtained by analytic methods. What we will do now is substitute a much 
more realistic model (due to Dr, William Dorn, University of Denver) without concern as to whether a 
closed form solution exists or not. The new predator prey equations are: 

^ ■ ^ • Pnew = Pold ' (A - B^old^^ld " ^^old^old ' \ " 



^new ^^old^ld 



In the new set of equations P refers to the prey population and F t6 the predator. The terms A 
and D are all positive constants,* Note' that -the difficulties pointed out in the Voltera equati 
no lomier present. If F ever goes to zero, the prey population increases following a logistic 



The terms A, B, C, 
equations are 

no longer present. If F ever goes to zero, the prey population increases roiiowing d lugistic function 
to an equilibrium population of A/B, On the other hand, if the prey population ever goes to zero, the 
predator population al-so drops to 'zero inmediately, 

A BASIC program to solve the new. predator-prey model is given in Figure AT Again, note that very little 
If ahy mathematical sophistication-is required to write sucb^ simple program. In the equations, the 
constants A,B,C and D can be identified with physical parameters in the problem. This will not be done 
here as the point at hand is the ease with which the equations may be solved, not to derive absolute 
knowledge about the solution, 

A typical output is shown in Figure 5, The first column is time, the predator population is in the second 
column, and the prey population in the third. It is quite difficult to see just what is taking place 
except that both the predator and prey populations seem to be following a <;yclic oscillation with a time 
period of about 20, If, however, the predator population 1s plotted versus the prey population great 
insight Is obtained. Such a graph is shown in Figure 6, Immediately relations become obvious that even 
well trained mathematicians likely could not see from the initial equations. 



100 K*^K INHUV KUMhIh OP FriLA.SANTS /^N'O FOXES 

no I,NPOX P?»,FH 

120 KEM INPUT CONSTANTS A,B,C,0 

13*^ I^3PUT A,n,C,D * . * 

140 KTM iNlTIAMZe TLSE - , 

155^* LET T»0 

Jf,H HKM PKfNTiTlM^i, FOXKo, PH6AS^MT5 

I7i^ PHI,NT TrFH,f^^ ' - ^ ^' 

IH^ KKtl COMPUTE NUW POX ^^^0 FHKASANT POFULATTOSS 

19.5 LET l>lxPfl+(A-R*PO) *PO-C*PO*Pv) 

LET FlaD*P0*FO 

21^!^. LET r«T+l ^ ■ 

2 23 REs^ RESET POPULATtOJ^ VALOFS^FOt^ MEXT CAl^ULATIONS 

.730 LET F0«F1 - ' ' ' ■ \ - 

. LET P»)«P1 <^ , • 

2S0 REM LOOP FOR ANOTHER CALCOLATilOf* 

2^'^ GOTO 16<?' y 

270 END . / . 



Figure 4 • Program For Predator-Prey htodel 
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^Fi^ure 5 - Typical Output From Predator Prey Model 
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As with the motion example, the advantage of computer use here seems obvious, "udents with almost no 
mathematical skills can be brought into the very heart of a topic. The more trad tioha aPP-^a^h of 
demanding analytic solutions requires .a matheinatical investment which automatically excludes the vast 
majority of the student population, and most of the refflly interesting problems. The consequences of 
this eilclusioh are seen in most general education coyrtes (biology, physics, ecoijomics, «tc.) *rhere th^ 
appearance of the simplest equation on the chalkboard is sufficient to send most of the class into shock. 

With the computer 
with the pe,ripher 
situation-may be 

coip'IIte?^J°c^culaLr'o'rienteriI)et^ priority with analytic approaches. 

COMPLACENC-Y: Patterns Of Change- . 'One might be tempted to observe that such a fuss should ^ot be' made 
over the computer since, after all, it Is just another tool available to man for his "se. That this is 
most emphatically wrong can be demonstrated quite easily. Let us examine the changes that have taken 
place in typical activities of mankind since antiquity.. For example, suppose we assume that a nan could 
travel-about 50 milfes on the average in a day in antiquity. Today, a man can travel 0,000 mileain a 
24 hour (fSriod using coninercial jet schedules. If we take the logarithm to the base 10 of the ratio • 
lO.OOCj^ to 50 we obtain 2.i orders of magnitude change. In antiquity, the energy available to the 
average man must have been of the order of 10 kilowatt hours per day. The percapita energy consumption 
in the United States in 1970 was approximately 240 kilowatt hours per day. This represents 1.3 orders 
of magnitude change, certainly quite a bit less than the change in transportation. The life expectancy 
in antiquity was about ^0 years. Today it is about 70" years, or an order of magnitude change of about 
0.5. Viewed in this light, there has certainly been piuch less changfe in life expectancy than in-either 
transportation or available energy. ^ • 

Now, we turn to computational speed. For want of a better standard,, let us use the ability to multiply', 
two eight digit numbers together. To test this I multiplied two eight digit numbers together wijh 
pencil and paper where the digits jn the numbers were selected at random. It took 4.5 minutes to complete 
the calculation (which incidentally turned out to be incorrect when checked w.ith a pocket calculator). 
If about the same capability existed in antiquity, a man could do -about 0.05 of these calculations per 
second. A modern high speed" computer could do at least ten million such calculations each second wjthout 
error. This represents between 8 and 9 orders of magnitude change. 

Nine orders of magnitude ohange in a capability represents an enormous change. The computer if "Ot'j"St 
another tool. This becomes even more important wheft we pause to consider that we "i^ally are talking about 
processing infonnat,ion of all types, not simply multiplying numbers together- ^1?^^= h^^! 

Sost serious mistake that can be made i*s to base critical decisions on traditional premi es which have 
always been true, but- .which have (possibly unnotice^d) changed. History is full of, examples of the 
unexpected and tragi? results'which $an follow s.uch mistakes. 

■It seems clear tllTt the computer revolution represents just such a fundamental c^artge. However, with 
precirn^ few exceptions it-is- "business as usual" in our classrooms. There s mply have not been changes 
i^crtLrorTp^oach that in any way match the unbelievable chance for change madfe possible by the 
computer. • ' . ' / 

opportunity For^rue Innovation . True innovation shouTTd/not be confused witH relatively 'pi"0'- ^hanges 
' In classroom procedures. He ar e all familiar with faddist innovations that quickly fade into obscurity 
True innovation may be a great deal more difficult to achieve than we can Imagine at the present time. 
Howeyer, this shoOldn't detract from the value of the rtsults if they can be obtained. 

Ultimately, of course, we come back to the individual teacher and what motivates him. Merely to state 
a loQlcal cause Is not enough to make the academic world flock to the side of reason. .The true 
be liver- oftin bIcSmes terHbly inpatient when his cause Is not Immediately adopted - Computers are no 
ScepHon to this S^lt t^ls <toes^ean Is that while Investigating the capability of the compu er In 
the classroom, we must not lose sight of the fact that a teacher (possibly not a "true believer 
in1tial"rmust^ltiraately carry the results into the classroom. We must give equal attention t<^-what 
will motivate this teacher to become Involved in the process and contribute his skills and energy. 

A Prescription. The prescription seems s imple- enough. ' The educational profession must find soraevrtiere 
the courage to critically examine the whole Spectrum of educational actlvit es keeping In the 
enoraous capability of cbmputers at the present and some estimate of what will .be^posslble in the futurtf. 
Out 01^ this Procesi must come constructive and far reachtng reconp^naations for change. Whether this 
. -Sn sTdoJI o^not, -and-whether -the recon^ndaWdnS can be Implettolted Is uncertain. Certain y the . 
track record of the^'new math" and the "new ph/slcs" Is no 'cau^e for optimism. However, to sit still 
and do nothing is .tfie worst possible course of action. * - 

CONCLUSION- we have at hand an finparalleled opportunity to make unprecedented constructive changes 
In thf educational ?r^cess. tp solne fashion not yet completely defined the computer must certainly • 
pl?y a pivotal part In these pharrges. . The prices of computer capability are continually dropping. The 



One of the primary objectives of the 
upper division biology classes at Beverly Hills 
High School is to prepare students for the 
rigorous college curriculum tn the life / 
sciences. ThVthree classes, Act^^anged 
Placement Biology, Advanced Ph^^iqfogy, 
and Advanced Botany have all been developed 

to meet the requirements of the college- 

bound science student. The purpose of the 
Advanced Placement Biology course Is to 
prepare students for the Adyeuiced Place- 
ment Examination offered by the College 
Entrsuice Eximatton Board of F^rinc^on, 
New Jersey. If the student passes this 
examination, he is exempt from first-year 
biology at most major colleges. Upon comple- 
tion of Advanced Botany and two essay- 
examinations a student will "receive a year's 
college credit m.Botany from the University of c^'t* 
California at Berkeley Extension. In light of .^^^..j 
this, our staff feels obligated to offer demandiC^^v- 
biology cleisses that will offer the scime materiSf 
as a typical collegp course. The a rests of -'.^.t-; 
investigation include biochemistry, energy Afh 
transformations, cell anatomy and physiology 
Mendellan genetics, chemical genetics, devel-r 
opment taxonomy, evolutionary process, 
nutrient procurement and processing, gas ^^'^l 
exchange. Internal transport, cellular respir^an-/ 
tion, hormones, ner^us control (neuron and • o - 
ANS) and ecological relationships amongMtying:^ .-^ 
organisms. Extensive college-level laborator;^ . 
experiences using appipopriate apparatus and 
technTques are integrated to provide an intro-^/? 
duction to an exemplification of, an6 reenfbro^sr^,. . 
ment of the topics presented in the discussion .-^ 
and lecture material. However, we feel that^ . 
there are experiments tfKat c^uinot be perf£>mf>ed .. 
accurately for want of time and ^uipment in^, * , 
the<;lassroom. It is possible to simulate thQt^ 
action of any organism or group of organism;? 
on a computer, and with the addition of the ^"^ 
Hewlett-Packard 2000 ACCESS Series, w^ 1^ 
feel we now have this capability. All the ^ 
programs onJthe System are In the BA SIC V' 
language. Although this is a rather simple 
language, it can be easily taught to the v 
students without requiring any special pre- \ 
requisites or additional course work and 
within a few weeks nearly all students are 
able to develop their, own programs In which 
to ennsu-ice their own learning an6 enjoyment. 

« Computer programming at Beverly 
Hills consists of four main types. First is * 
Unit Review* The instructor's lecture is 
typed on-to the System with key words 
omitted from the.progVam. When the 
student runs the program, he must supply 
the correct answer in order to complete 
the program. If a wrong answer is inputted, 
the correct, answer is su^SpUed i?y the prograr 
after two attempts. We*f^el that this type of/ 



programming offers two signific^t adveuitages. 
It a student is absent from a lecture, he can 

.* eetsily receive a copy of the instructor's lecture 
an6^ secondly, the program serves as an 
excellent review for the 3t^ent who has thor- 

[ oughly studied the material. A secon^J type of 
programming is the Self-Test. After the 

. compl^ion of each unit and before the examina- 

;_tion^ a series of typical multiple-choice or 
fill-in test questions are programmed on to the 
System. The student is then allpwed to take 
this »^7^5=TOst'* to d^enmine what areas require 
further study. Whenever possible, a page 
number from the required text^s supplied for 
quick reference for a mistaken entry. 

^ ^ The third type of programming is analysi 

of laboratory data. Many times it is both 
impractical, ^as well as time-consuming, for 
the student to do the simple mathematical calcur 
latibns required to determine if his experiment 
Is proceeding correctly. Often experiments 

..have had to be postponed or cancelled to allow 
the student time for these calculations. Thus, 
a simple computer program is developed to 

"p^erform these calculations and allow the student 
to continue with his experiment. A program 
which will verify results from a genetics 
experiment through the use of Chi Square is an 
example of such programming. A student must 
know the beislc structure of Chi Square in order 
to input the data, but now is not bound by the 

' mathematical calculations. 

The fourth type of programming and the 
one most fesclnatiog, I believe, to the student 
and the instructor is the Simulation of Life 
"Processes* Many experiments, due to H^cality, 
lack of sophistication of laboratory equipment, 
complexity In measuHhg the biological process, 
and time required for the experiment could not 
„be complied in^Vie lab. The reenactment of 
DarwIrTs finches or the Lock and Key £nzyme 
model in biocherhlstry are typical examples of 
^hese biblogical simtilations. 

* '<» , 
The second portion of this paper deals. 

With one such simulation d eN^glo ped to allow 
the student to observe and tnveSfciflate quanti- 
tatively the biochemical processesthat occur 
in nature. With SPHOTO the student is able 
to simulate the process of photosynthesis in a 
leaf by inputting varying amounts. of carbon 
dio xide, water, temperaturepfeolor of light, ^ 
and light energy and determine their effect on , 
photosynthesisThsterms of the production of 
glucose, oxygen, ahd water. The values are 
in nttHiliters for car^bo dioxide, oxygen; and 
water; Celsius for torppeh^ture, photons^for^ 
light enbrgy, and grams for; glucose. (Please 
see enclosed computer print-6ut. 



The first stage of the program prints a 
brief Introduction to the actual biochemical 

processes In photosynthesis, as well as 

Instructions on how to Input the experimental 
data. IF the student does not wish to vary any 
of the above-mentioned physical or chemical 
factors, the program will print out the results 
of a standard, run which the student p^n designate 
as a control for further Investigations . The 
program then* asks the student if he wishes to 
change any of the factors. The operator can 
change one or as -many factors as he wishes to 
investigate. ! „ 

If values are change;)d, the program then 
types out the new-results based on the inputted 
data. At this point the.prpgram prints out ^ 
the number of actual fShotosynthetic cycles 
and then determines which of the" factors 
eventually limits the rate of photo'synthesls. 

*Thla.slmulation Is applicable at all 
levels of high school botany, including Advanced 
Placement Blology,"3r first-yeJar college botany. 
A' worksheet with suggested activities and 
problems has also t?een developed to accoiVipany 
^Ti^rogram. 

I9 conclusion, It is felt that the 
computer, through unit review, self-tests, 
analysis of laboratory 'data; and simulation of ^ 
biological activities has added a new dimension 
to our upper division classes and has made 
biology both acaddmically challenging and 
stimulating to the contemporary student. 



^TYPICAL PROGRAM PRINT-OUT 
(Student R^ponses Are. Underlined) 



SPHOTO 



(TYPE 



DO YOU WANT INSTRUCTIONS ? 
•YES OR NO) 
? YES 

THIS PROGRAM DEALS WITH THE PROCESS 
OF PHOTOSYNTHESIS. ' ' ' 

IN PHOTOSYNTHESIS CARBON DIOXIDE 
(C02) AND WATER (H20) IN THE PRESENCE - 
OF LIGHT PRODUCES SUGAR (C6H1206), 
OXYGEN (02) AND WATER (H20). THE 
OVERALL EQUATION FOR PHOTOSYNTHESIS: 

6C02 + 12H20 ■> C6H12C6 + 602 + 6H2b 

, IN THIS EXPERIMENT YOU WILL BE ABLE TO 
VARY THE COLOR OF THE LIQKt USED, 
irsfTENSITY OF THE LIGHT, 'TEMPERATURE, 
AMOUNT OF CAF^BON DIOXIDE AND THE 
yj^OUNT OF WATER. 

THE PROGRAfv^ WILL TELL YOU HOW MUCM 
StiGAR, OXYGEN, AND WATER IS BEING * 
PRODUCED AND WHAT FACTOR EVENTUAL- 
LY STOPPED THE REACTION ' ' " ^ 
. (THE LIMITING FACTOR). 

ATYPICAL EXAMPLE \AOULD BE: 

FOR EVEftY 134400 ML OF C02, 216 ML 

OF H20 AND 48.16*10t23 PHOTONS OF RED * 

LIGHT AT 20 DEGREES CELSIUS THE 

FOLLOWING IS'PRODUCED: ' 

GLUCOSE: . 180 GR _ 

OXYGEN: 134400 ML 

WATER:- 108 ML 

•NOW YOU MAY TRY THE ABOVE EXPERI- 
MENT BY VARYING ANY FACTOR THAT 
YOU WANT. IF YOU DO NOT VARY A FACTOR 
THE FOLLOWING V^^LUES WILL BE USED: 
134400 ML OF C02, 216 ML OF H20, AND 
48. 16*10t23 PHQTONS OF RED LIGHT AT. 
20 DEGREES CELSIUS, YOU MAY VARY 
A FACTOR BY TYPING IN THE NUMBER 
ASSOCIATED WITH THE FACTOR . 

#1 CARBON DIOXIDE 

#2 WATER . ' . •. 

#3 COLOR OF LIGHT 

#4 LIGHT INTENSITY (PHOTONS) 

#5 TEMPERATURE (CELSIUS) 



AMOUNT OF WATER PRODUCED; 
108 ML 

THE PLANT RAN OUT WATER 

'THE PLANT RAN THRbUGH THE PROCESS OF 
PHOTOSYNTHESIS 3.01000E+23 TIMES. 

DO YOU WISH TP RUN THE ^>JPERIMENT ' 

AGAIN ? (TYPE YES OR N'O) \ 

?YES I 

WHICH FACTOR DO YOU WISH T<b VARY? 

IF YOU DO NOT WISH TO CHANG^^Y- * 

THING TYPE A^b 

?3 

WHICH COLOR OF LIGHT DO YOU WANT TO " ' 
USE / 

#1 BLUE • • 

#2 GREEN 

#3 YELLOW 

#4 RED 

02 — ' 

WHICH OTHER FACTOR DO YOU WISH TO 

CHANGB? ^ . 

TYPE 6 IF YOU ARE THROUGH , . 

?6 



c 



-^AMOUNT OF GLUCOSE PRODUCED: 60 GR 
AMOUf<!t OF,0:^GEN PRboUCED- 44800 ML 
AMOUNT OF WATER PRODUCED: 36 ML 

PHOTOSYNTHESIS HAS STOPPED BECAUSE 
THERE IS NOT ENOUGH LIGHT (WOTONS). 

THE PLANT RAN THROUGH THE PROCESS OF 
PHOTOSYNTHESIS 2.00667E+23 TIMES, • ' 

Of YOU WISH TO RUN THE EXPERIMENT 
AGAIN? (TYPE YES, OR NO) 
?NO \- , 

DONE* . ' 



WHICH FACTOR DO YOU WISH TO VARY ? 
IF YOU DO NOT WISH TO CHA^E ANY- 



THING TYPE A;>6 
?i5 ^ . '* 

AMOUNT OF GLUCOSE PRODLTcED: 
180 GR ^ 

AMOUNT OF OX/GEN PRODUCED: 

■i'^AArtLryi KAl 
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SPHOTO LAB NAORKSHEET 

It IS possible to simulate the action of any 
organism x)n a computer. In this lab you 
y4/\\i simulate the process of photosynthesis 
in a leaf. You will be able t© vary the ^npfount 
of^carbon dioxide, water, color of^ Ught, and 
light energy and determine the ef>ect on 
photosynthesis. As you complete the lab 
on the computer, please answer the follow- 
ing questions: 



1. a) 



b) 



Holding all other values constant, 
if equal amounts of water and carbon 
dioxide are supplied to a plant, which 
'will limit the rate of photosynthesis? 



In wb&Vx'^^*^ should the carbon dioxide 
to water ^foes exist for a plant? , 



2v a) \M-at color light is best for photo- 
'synthesis? 

b) ' Why do you think^his is so? 

c) Rank the other three colors in order 
of efficiency. o 

3. Would supplying twice the amount of light 
double the rate of photosynthesis? -Why 
Or why not? 

4^ Calculate the amount of sugar, o>§^en, and 
. .water produced during one* complete cycle 
. of photosynthesis'. 

(Hint: amount of glucose p roduced 

number of photosynthesis cycles 

5. Construct a graph illustrating the effect 
of temperature on p^hotosynthesis . 
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ABSTRACT: Microcomputers ar« ideal tools for conducting real-time computer controlled experiments. Their 
low cost allovgs computer power to be dedicated to a single experiment simplifying programming and speeding 
laboratory experiments. Additi^onal advantages are portability and conceptual 'simplicity. 

Several severe handicaps are associated with microcomputers. Limited ability to compile high level 
languages requires conpilati^on op a larger computer. This is cumbersome and time consuming, v A seo<:ind 
problem is the cost of mas§ storage which has not declined. A computer network is described ;b^hat uses an 
HP 2100 minicomputer with a 'number of mtcrocomputSrs to 'maite use of the most advantageous characteristics 
of each type of computer. , ' ' 



Microcomputers are ideal tools for conducting 
real-time computer controlled experiment^.. Their 
cost allows computer power to be dedicated to a 
single experiment simplifying programming and 
speeding laboratory experiments.. Additiona^jad- 
vantages are poy,tabiJLity <and conceptual simplic- 
ity. • .... 

Although micro coipputers are 'inexpensive tools 
for real-time computation, they have been difficult 
to program for a number of reasons. Firs*t^ usual- 
ly the only alternative available has been assem- 

* bly langviage progranming. Except for PL/k no com- 
piled high-level language is available. Although 

J BASIC is available, it tends to slow the micro- 
computer as well as require more memory than as- 
sembly language. 

An. associated problem is program develop- 
ment and" debugging using a minimal system, prob- 
ably with only teleprinter l/O. This is a pain- 
ful and time cons umina: process interfering with 
.creative thought and tieing up valuable capital 
equipment. To support the editor and assemble^r 
the microcomputer must often have mucfh more mem- 
ory than the application program requires. At- 
tempting to speed the assembl^y process and/or im- 
plement a higher level lemguage necessitates com- 
paratively lEirge expenditures for jnemo^ry and mass 
storage. 

, . . ' • x,. ■ ■ 

Thft^ ad vantages of a microixoraputer are its low 
cos\ and conceptual simplicity, >both conduolve to 
extendi ve\tudent experiment at ioiL The disadvan- 
tages iiTe trve difficulty of prograjjming the m;Lcro- 
computer^nd dost time for creativdv activities 
caused "by lacl^of suitably inexpensive mass stor- 
age device. Minicanputers do not hav6 ^the afore- 
mjeptioned disadvantages and it seems reasonable to 
'ccynt^ine mini and\picroc(|^uters in a network to 
gain 'the advantages of both while minimizing their 
disadvantages . . ^ 



A computer network under construction at the 
University of Colorado, Colorado Springs uses an ^ 
HP 2100 minicomputer in Conjunction with a number ^ 
of microccmputers to make use of the most. acLvanta!<: 
geous characteristics of each type of ccraputer. 

The minicomputer's editor program and disk 
£md tape storage facility provide ideal working 
tools f or develd^jing microcomputer software. In ' 
addition, "giving the minicomputer the task 6f lari- 
guage translation considerably reduces the pres- 
sure for large amounts of microcomputer memory , 

Two kinds of microcomputer stations are, under 
development'. The first kind connects to HP 
2100 via a 2400 baud seri$Ll link. This intVcon- 
nection allows the minicomputer to load and dump 
the microcomputer's memory as well as insert oteak- 
poirfts and tict as n (Jebugging^ tool. *A teletypAor, 
other terminal *loc4ted at the microcomputer staA, j 
ticn allows the operator to communicate with the \ 
2100 or directly with the microcomputer. Tne op- ^ 
eiiator programs a* fiigh-level language; the', 
first being deveK>ped is an application -oriented 
language for an ar^log-hybrid computer interface. 
The operator exper\finces the characteristics of a 
minicomputer when editing .or compiling but experi- 
ences the attributesV)f a microcomputer when pro- 
gramming, debugging o\ running. 

A second kind of station communicatas Wth 
the minicomputer only by the exchange of magnetic 
media. We are currently developing a mlcrocdmput- 
er system dedicated to performing a real-time 'in- 
strumentation task. User programming will be ac- 
complisWfed ^ single kpy-strokes in much the way 
^ calculator is used. About half a dozen micros 
ar^ incorporated in this instrument. A cassette, 
tape drive will allow its data files to be read by 
the 2100 for complex procepsing unavailable on the 
single Heyfitroke system. Althoiigh not physically 
interconnected to the 2100, we consider this" kind 
of microcomputer system to be integrally par,t of 



\ 



our "network". 

An example of Che first kind of mj^crocomputer 
station is a microcoputer controlled analog-hy- 
.brld computer. This is currently being implemen- 
ted at Che University .of Colorado* using a Motorola 
M6800 microcomputer to control a Hitachi 505 ana- 
log computer. Those attributes of this microcom- ^ 
puter s-tation thaC are universal in concept will 
be discussed here). Specific needs of the analog- 
hybrid system wilJl be addressed at some later date^ 

* Several design goals were set fbr this micro- 
'computer station. These are: 

• 1. Inexpensive and simple construction Chat 
'is easily repaired and easily duplicated. 

2. Off-the-shelf multiple-sourced components 
wherever possible. 

3. Simple and logical operating procedures 
requiring little knowledge of computers. 

A. Un-compromised capabllJLty for operators 
with a great deal of computer experience. 

5. Sufficient initial lt\d expansion Capabil- 
ity ior a'wide ran^e of tasks. 

Although this set of goals seems very Wdest, we 
felt that chese w^re sufficient Co insure excel- 
lenc ucillzacion of Che equlpmenc for all users 
from "beginning"" scudencs CP "Researching" profes- 
sors. As. ic curned ouc^ chese goals wei^ diffi- 
culc CO meec simulcaneously. 

In parcicular, goal 3, simple and logical op- 
erating procedures, was difficulc Co meec while 
providing excended capabilicies for experienced 
operators. The cencral problem was chac Che oper- 
. acor had Co concern himself wich Cwo compucers, 
" Che M6800 and HP2,100,-and he had only one cerminal 
wich which Co accomplish chls. One alternative 
would havo been co connect Che operacor's cerminal 
directly 'co cbe M6800 and connecc Che 6800 
. directly io che 210b as shown in Fig. 1. 




Fig. I Direcc Co 



The concrol program in Che. 6800 would allow Che 
.o^eraCor»Co communicace wich Che 2100 as required 
, chrough Che microcomputer, This cohcrol program 




muse reside in ROM Co avoid 3s,^pUcaCed manual 
boocscrap (remember chose in6xp^enced operaCors). 
Al Chough Chis co^ld have been accomplished by hav- 
ing a PROM programmed for us, we felc chis ap- 
proach had several disadvancages. Funccional sys- 
cem characceriscics wou^d be specified in che PROM 
program and^ difficulc Co change as che need arose 
and Would be impossible . Co change dylnamically. de- 
bugging concrol would be in che hands of che micro- 
compucer wich limiced 'capabillcy^ The possibilicy 
of a berserk program disabling chp debugging rou- 
cine muse also b^ considered. 

A second approach considered was co swicch Che 
Cerminal, microcompucer and minicompucer incercon- 
neccidns as shown in Fig. 2 




hV 

2J00 



Fig. 2 Swlcched Connection 



Control of the swicch 'presents some problems. Af 
manual switch would be cumbersome and difficult 
for inexperienced operaCors Co use. Ic would be 
deslreable for an aycomaclcally controlled switch 
to be controllable by both the 2100 and microcom- 
puter depending on the task being performed. This 
complicates the hardware, especially that hardware 
used to give the 2100 switch control. Finally, 
either the baud rate of the serial interconnection 
must be made dynamically alterable or we must rule 
out teletypes as a suitable terminal. It would be 
intolerable for program loads or other data pass- 
ing between the two computers to be limited to 110 
baud. 

* 

Finally, after much soul ^s^earching, the con- 
figuration of Fig. 3 was adopted. 




Fig. 3 ^Two-port Connection 



A 2400 baud direct interconnection i.s _ma_d£>_between 
the two computers for down-line loading the mir 
crocomputer , debugging of the micro's program.by 
the 2100, and" for data transfers between the 6^00 
and 2100. The operator communication terminal «is 
switched between tjie 6800 and a second port, on the 
2100 under control of the 6800. This switch may 
also, be cpntrolled by the 2100 during program load 
and debugging operations. The M6800*s peripherals 
including this terminal's switch are treated as 
memory locations. Hence the 2100 cdn easily mod- 
ij^y and read peripheral status via the 2400 baud 
direct interconnection and thus control the ter- 
minal switch. ^ ' . 

In operation, the 2100^ is normally left run- 
ning continuously. When the M6800 is powe^red-up, 
the terminal switch automatically aligns itself to 
tl\c 2100 position to allow the operator to log on- 
to the 2100. The operator may then write, edit 
and compile programs using the |2100. An M6800 , 
loader- program running on the 2100 allows down- 
li,ne loading of the microcomputer. This loader is 

w.ritten to be compatible with Motorola's MINIBUgJ?* 
loading and debugging program which is available* ' 
' as a standard ROM. The 6800 is initialized on 
power-up to run this loading program. 



As part of the loading process, the operator 
may or may not specify that the terminal be tran?- 
Her red to M6800 control. i)ebugging is accomplished 
with tlje terminal connected to the 2100. A de^ug-" 
ging program on the 2100 communicated with the 
6800 via tTTe direct interconnection and the MINI-. 

BUG^ p^^ram running on the microcomputer. This 
.allows* the 2100 to do number iTase conversions, 
simulate multiple, breakpoints and perform oth'ec de- 



bugging functions not available with the 
program. 



HinibIjc^ 



The operator need only give commands to ediC^ 
load, compile,' debug,' run, etc. without regard for 
tlie computer in which the operation is to be' per- 
formed. .The only fixed program *in the microcom- 
puter is the debugging ROM which is a|(simple abs'pir 
lute lo)3der, dump and bx^eakpoint routine. In ad- 
dition, a' dedicated high-^sp^ed interconnection to 
the minicomputer is. al,ways available regardless .of 
the state of the operator's terminal. We feel 
this is sufficiently flexible for any future ap- 
plication^ that arisei . 

The rest of the microcomputer system is fair- 
ly straightforward as shown in Fig. 4. 
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•ack-aounted curd file with' are perfectly acceptable and prob'at ly deUreable. 



.pps-ppriate power supm?Les,' ''External wmi^- a**^ "*«c!v«- v*^**-©" d — - — — --"^^r^ r '^"rr^ , . - . 

.ions ixe made to scre^ connections or. the rear of eqxiipo^t that ^uld assist in engi leering design. 



yl/O coonec- 



The major design goal is to supply 



the va ious cards. Peripherals incluc.e an 8 chan- 
nel di: ferential input analog-to-digiial system 
and a ^ channel analog ^output system built with 
of f -th^ -slielf (Burr-^rbwn ) converters* Sixteen 
discrel e output channels are open 'collectors cap- 
able of 15 Volts and 300 ma. Sixteen discrete in- 
put channels have schmidt -trigger Conditioned in- 
puts. Random-access memory initially available 
for user programs is 20^+8 bytes. 

Besides tlie basic control software for the 
2100, including* a cross assembler, down- line load- 
er and debusing pfogram, we initially plan to de- 
velop a block-diagram oriented micrococnputer simu- 
lation language. This would allow tVie, analog com- 
puter to be u%ed in conjunction with the microcom- 
puter for experiments in real-time control. 

The second Kind of microprocessor; station, 
transferring data only by magnetic m^ia, has de- 
sign goals- quite different from those discussed 
abbve. Equipment €tnd function is very specific 
Simplified ojferating procedure is stressed at the - 
expense of flexibility for 'sophisticated users. 
Since users have little need to know internal de- 
tails of the miSrocomputfer , advanced techniques 

i 



Transit: ot data via magnetic tape io» the minicom- 
puter is the Only^ concession made tp increasing 
flexibility. This allows data gathbred by' thO 
micrococnputer to be propessed ^y the minic;toputey 
for additional analyais only!if desired. * . 
• ' . ' * 

Th^ system being construct^ consists of a mic- 
rocomputer and appropriate peripherals to measure " 
and manipulate pairameters of , semiconductor devices 
as shown in Fig, "5. Single keystrokes, measure^ ^ 
manipulate, and display parameters much'Uke single 
keystrokes call up functions on a calculator, AI7 
though requiring too computer ability, this ap^ 
proach allows large amounts of computer pov*ei:"to 
be used by "Students studying variouq disciplines,. 
Relieving students of large amounts of arithmetic ' 
djrudgery *en^les more crefitive work t6 be, incorpo- 
rated in the limited time available in W single ^ 
|\cours^ The current, trend in the elctronics'* in-* 
1 dtistry to utilize more a-utci^Jt^ infitr\imentation"* 
, apd procures In design affinns the need and uge- 
fullness of this approach, 
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INTROlluCiNG THE COMPUTER INTO TEACHER EDUCATION: / 
AN INTEGRATION OF HUMAN AND' HARDWARE TECHNOLOGY ^• 



Ray Muston and Rita Wagstaff 
University of lov^ 



i: 



Ip the sutimen-of ;1973, the Universi/ty of Iowa began a 2-year pilot study of the /effect of interact^e 
.computing on undergraduate instrucfioii, - - ' ' I , )i 

Iowa ^ndi8 



A 



Hewlett-Packard 2000F interactivte mfni^mputer system was purchased by the University of 
32 ports were aUoCated to /the College of Education, / ^ / 



A faculty Advisory Committee, newly created by the College of Education, established thi following 
. objectives: . ' » ' ^ ' i ' 

1) . T^ facilitate faculty development of CA.L materials. 
2} To encburage essential software development 
" 3) To provide maxijnum opportunity for students to interact 

with a computer system as a regular part of their instruction. 

Activities directed toward achieving these goals, and methods af education will be. discussed. 



1- 



♦ 1 



4S 



- PUBLICATION OF A COMPUTER COURSE; j A CASE STUDY 
Sarah G, See 

Westinghouse Learning Press, Su>inyvale, California 94086 



ABSTRACT. Many instructors develop course materials for their own classes and, finding them successful, 
are. eager to seek publication. An author's first question is how to contact a publisher. This paper^ des- 
cribes some successful approaches along with further steps in the process toward final p^jbl ication. The 
author's responsibilities are stressed especially In Identification of sources, checking of illustrative 
materials, and verification of content. The parti.cuVar course used as an example is the audio-tutorial 
course, COMPUTER PROGRAMMING: *AN INDIVIDUALIZED COURS^ IN FORTRAN IV. 



My paper today concerns <he process of getting 
a program, which you h^ve developed agd used suc- 
cessfully, out into the world where others can 
take advantage of your expertise, and you can 
reap some reward from ajl your hard work. How do 
you find a publisher or other marketing group to 
make your projgram or course available to .the wide 
audience for whom you think it isl suitable. Now 
there are many questions a would-be author has 
involving publication, and I will ^try to antici- 
pate as many as I can. My ta-lk v^v]! 1>e short, 
sb, that I can try to answer any questions you 
still have at the end of the formal presentation. - 

I want to start with the very eaVly stages of 
getting som'ething published. To illustrate, I 
will use two different programs. One is a course 
titled COMPUTER PROGRAMMING: AN INDIVIDUALIZED 
COURSE IN FOBTRAff IV, which we at Westinghouse ' 
Learning Press have recently published in tape 
and text form. The other is not a 'printed text, 
but an actual computer program which we hope to 
make generally available. Let me explain what 

^happened in the beginning with each of these pro- 
ijrams, how ] isecame interested in them, and how 

, they, moved to final production.* At the same time, 
! wil,1 also use as examples, but not mention by 
name, other programs or proposals lhat ? have re- 
jected. ^ I will also talk about why I held some 
for a time before making a final decision. 

I think there are three questions that are 
important here from your point of view. 1., How * 
do you make a contact to start the very first 
steps tot?ard publication? 2. How long is it go- 
in^ to take befdre your mateirial is accepted and 
how* lORg for it t6 reach the light of day through 
publication? '3. Finally, how much money will 
you get and when are you likely to begin to re- 
ceive it? 

* • • 

• ^First of all, Uwould say there are a thou-> 
sand ^different ways to make a contact. Some are 
extremely effective and some are not. You are in 
the position of selling something, and most of the 
well known tfps on gelling apply to getting a 



manuscript accepted. If you teach in a college or 
university you probably realize that some of the 
college travellers who come around- to sell texts 
are also on the lopkOut for cour^ses or materials 
to publish. Thus contact vtith a sales represer^t- 



^ On ^he other 
icularly ipter- 
They will en- 
ggest a specific 
end. Some pub-, 
r the number of 
the editorial 
lege travellers 



ative may make a good first step» 
hand, some sales'^rgps are not pafrt/i 
ested in follow-up on manuscripts, 
courage, you, but#if they do notjsig 
seond step, you may be at a dead e 
lispers give cfedit to sal^smenfqr 
potential manuscripts referred to 
department. In some cases the colli 
are acquisition editors ^ho combine the task of 
selling with the taSk of Requiring materials. .Try 
to learn the name of an editor back at the home 
office to whom you can write directly. 

Another way to make contact is^by letter. Like 
all direct mail, your letter has to sell something, 
f^ew publishers waht to buy you— so concentrate on 
describing ^our p*?oduct rather than yourself. .A 
letter of inquiry with an outlineof what.the au- 
thor has in mind is usually answered promptly, but 
promptness is directly related to how far along 
the project sounds and how well it ts described. 
The e;^itor usually sends you a seri^ of questions- 
whose answers will serve as a guideline both for 
you and for the- publisher in assessing the poten- 
tial of your manuscrfFTt* with that particular pub- 
lisher. Let me suggest,. though, >that you do some 
homework before writing^ Does the publisher you 
are approaching have 'a list of cdtirses similar to 
yours? Obviously a college publisher is i\ot usu- 
ally interested in .elementary school material. 
Some publisfiers are strong In a particular dis- 
cipline. Others specialize in multi-media ap- 
proaches, learn yout; market in advance. ; 

From time to time' I get telephone inquiries 
from people who have seen one of , our courses and 
want to publish with us. My response tele^ 
phone inquiries is the same as*tfo a letter. Lask 
for an outline, prospectus, and usually aisampvle. 

Notice that all of the queries that I have ien- 
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tiln involve some sort of personal contact. If 
yoi) write or call, it never hurts to mention the 
name of a college .traveller who may have t^llced 
■ V^ith you. 

- i • 

*Often people don't want to take the time to 

'make contacts one by one or the trouble to find 
a name, or ^ven a title. I get many letters 
which come In on mimeographed or photocopy paper; 
soinetimes our company name is not' even typed in 
. at the top of the letter. Needless to say, -this 
kind of submission goes to the bottom of my con- 
sideration pjile; I don*t pay a great deal of 
attention to such inquiries unless, and there is 
a big unless, the material is something- that I 
am really looking for at that very moment or 
sounds so exciting that I can't bear to pass it 
» up.' At the very least,, take time to type in the 
address and a name, or a 'title at least, for each 
company to which you are submitting material. 

Where can yoa get such names? .Most. of the ma- ^ 
jor publishers are listed in the Literary Market - 
place , and there are tther reference volumes • 
Hyhere you can i|sually {find a n»naging editor, or 
an editor-in-chief, on an acquisitions editor / * 
listed/ Any of tJ]ese pities are good to us:e if * 
you dot' not have a specific name. 

What was the contact for COMPUTER PROGRAMMING: 
AN INblVIDUALIZED COURSE IN FORTRAN IV? It-act- 
. ually^was referred to me by a^representktive 
from another company. The authors |ad already 
submitted their course to a publisher, i)ut it. was ' 
moving extremely* slowly. It wars de&igned as an 
audio-tutorial course, and the editor who*>)ad ' 
signed\the author mdved to another company. The 
publisher begame rel4JCtant to get into the audio 
field. A second publisher* s representative 
h6ard the authors describing their problems and 
suggested that the authors request a release. 
Knowing our interest in audio courses, he called 
*and asked if it would be useful for them to sub- 
. mit the material to me. Let me hasten^to add 
that I did not even look at the material until , 
they had a release- • ^ 

Let^s look at another successful contact, the 
actual computer testing program I am working on 
now. vThe author and the programmer sent m a- 
well -written' letter describing their program. 
Their cl^ar description led me to telephone them 
immediately. 

Now how long^does^it take? So mudh depends 
on the shape of your material in the first place. 
Publishers are .not keen to get complete unsolic-* 
ited manuscripts. On the other hand*, in a couple 

^ of cases, where I Have had a complete manuscript « 
sent, I have Immediately called the author, and 
we reached an agreement In much faster time than 
If we had gone through some of the traditional 
initial steps. I just suggest that you write aia 
descriptive a prospectqs as posi^ible, and. that 
when you get a letter asking questions or asking 
for a detailed outline and sample material, send 
it In as fasyt as you can.. A quick response gives 
'the editor an opinion of your ability to^ deliver 

^ the product. " * • 

We receive many progranr samples that Include / 



tapes. I do nop like to review tapes., and since 
most publishers are primarily interested in the 
content of the tapes you will do better sending 
a transcrvipt rather than tha tape itself. 

After the editor -decides that your project may 
' ' have potential ,kthe editor usually has to get an " 
outside review ^f your sample or manuscript. In 
addition some mdrket research must' be done to de- 
termine the potential yajue of .this particular 
course. The editor also has to 'find out how much 
this particular course is going to co^t to' produce ^ 
and how much it is likely to bring in in revenue. 
Finally, the editor, along with a. ^roup of deci- 
sion makers in the company, decides whether it »is 
appropriate toi put you under contract. 

During this period you can be of help in pro- 
viding some marketing information. Yoij may know 
• more about the competition than the editor or the 
marketing director and such information, if accu-^ 
rate, is gratefully received. Yoi/ may also have 
^ insight into trends in your field. If your in- 
" stitutioff -can be^expected to adopt your course, 
that is iinportant, too. Guaranteed sales of a 
couple of thousand copies can be a big influence 
in the publisher's decision, 

* During this /time you should also get started on 
clearing! rights to the material {f you have not 
already done so. I cannot overemphasize the need 
•ifor clearing rights at the earliest possible stage. 
If you have prepared material un.der a government 
grant, or if >6u have prepared it under released^- 
time frdm youh institution, or if you have used 
institutional facilities, you should make very 
certain that you have free and clear rights^to, 
this material^ Some colleges and universities are 
setting up rigid copyright procedures, and it be- 
hooves you to check your college policies in this 
matter. Such policies are seldom included with 
yduj; teaching contract or letter of agreement. 
The* letter -usually iniplies that you will abide by 
the policies of the c,ollegei^ and of ten these pol- 
icies are not gone oveif* with you individually. 
You usually get a fat pamphlet that you glance 
over and do not refer to again until problems 
arise. At the same'time, however, do not be al- 
armed if your college has certain restrictions. 
These are usually reasonable and workable, 

Aga^in let me emphasize the need to get clear- 
ance early. Many people are very willing to give 
you a release when you* say, "I hope to publish 
this material some day."' They become much less 
agreeable or generous as soon as" there is an 1n- 
di^cation that the venture may be profitable. Your.' 
publisher may be able to* help you in work'ing out 
problems',' but 'tf there .Is any^-ppssibillty that 
someoQe has vested fights, get clearance at the 
start. If you have graduate students working for 
you at anytime, you should always oj)tain olearance 
from them for the work done as part of^a stipend 
or grant. An acknowledgment, of course, is always.' 
courteous. Sometimes the publisher may give a 
small advance against royalties to smooth the way 
in obtaining these full rights y Other times you 
rftay have to give a colleague, an assistant or the 
Institution a share of your royalties. In terms 

. of clearing rights, I Would like to mention that 
some states do have laws whereby an Instructor 

4i: at a public college cannot profit^from sale of his 
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01" he/ own material ^ that college. Jhe in- > 
structor can use these materials for a class but 
Is not.entHled to receive royalties. If there 
Is a chanc4',that you fall Into thiis category, re- 
search the legal ramlf Icat^lons early. Remember, . 
alsa, that you are responsible* for providing ! 
other aspects of clearing acknowledgment through ^ 
footnotes, permission from the copyright holder 
for lengthy quotations and for use of 11 lustra- • 
tlons. Altfhough your publisher may give help In ^ 
..these areas, they^r^ the basic responsibility 
v6f the author. Some clearances, of course, 'can 
wait untV after the actual work has begun.' ^ • 

' Suppose* though, that all has gone well, and 
you do sr.gr) a contract., Here comes .thet big • 
question', how mufh jnoney are you likely #to^ get 
and'when?* |h1s question, 1$ difficult to answer 
.betause it.varl^ so much from^pu^l f^her to pub- 
■lisher^ Stime publishers have a 'stqck■'pe^centage 
for a\] contracts. .Some negotiate each corttract-' ■ 
separately. Right now, ttere .seeitte to"be,a.big ^* , l 
backlog of manuscripts for publicciftion; .sa many,, •' / 
fHat royalty**. rates", which were,. on |tJ?e*^?He,' ara 
now* stable, if not deg,11ining.* Whetje advances wer4\. ' 
given quite' freely 5 to' Id years awo, many jjub- \] 
lifshers now pay very small advancS or rtone at • ^ ; 
all.. Often th§ adyance is -given only to cover • • 
such items^ as permissions, illustr(ition$i« subject 
matter consulting, and possibly typing ass'istanc'e. 
Let me assure you that most first tjme authors 
have tQ work what we call "spec" or speculatioi)! ' . 
You must prepare and edit your material and do 
a lot of hard work before you ever see^any money. 

The percent af royalty is variable from pub- 
lisher to publisher, and it is not appropriate, 
in fact 1 think it is illegal , for me to go in- 
to details* You just need to be aware that there 
are variations in the amounts of royalties paid, 
for different kinds of rights and Jor different 
kinds of sales. There are rates tttat escalate 
after so many copies are sold. There are rates 
that are based on the discounted price of the 
book", and there are others scaled to the X^st 
price of the boak. All I can say in this regard 
1^ that it is advisable to have a lawyer look; at 
any contract that is offered to you, ajthffugh 
even some very good lawyers seem to be unfamil- 
iar with the peculiar terminology that gets into 
publi shins, contracts. _ ^ 

The world of publishing is changing rapidly, 
and different -kinds of contracts will evolve. • 
Faced with the possibility u.nder the proposed 
copyright law that give educational institutions 
wider access to reproducing, we will have to 
reexamine titany traditional ideas in publishing, 
contracts J among them.' In develop^tng a contract, 
all I can* say, is that, like many*bther business 
' transactions, there has to be good faith on both 
s1ide&-*^-«^ou^ will b,e-jo^gotiating witfv^an indiyj,d- 
ual who represents a company' and you have to feel 
that you have tVust' 1n«that person and in that 
company. 

Now' how about the monetary rewards? Usually,' 
the first income you receive comes in t-he semes- 
ter following the publication of the book; that 
'means that if your material is published any time 
from July through December,' you will receive* a 



report of youf wi^alties, about 30 days after the 
end of that period and payment 30 to 60 days later. 
^Some publishers, however, report only annually;^ 
this is an item to'check in ^«ur contract. 

There will three very -happy days in yolir* car- 
reer as an author, onetwhen you sign the confPact, 
the Dext when you actcially hold your publication," 

• ire your hand; a third when you ^et your first roy- 
'alty check. .1^ between the, first* and secondl how- 

' ever, lies a dark period known as the editorjal 
process whijc|)^goes something like*this: If your 
manuscript Is cojnplete to start wfth, a subject 
matter revlewerSiakes su.^jgestions and the materiaV**^ 
is returned to the author for the appropriate 
changes. If materia] is not- yet complete, an ed- 
itor usually works on a submitted sanjpl'e, a chap- 
ter or unit, suggesting format chc^nges and •guide- 
line's. The author is then expected^'to complete 
. the work, usually with 'orjgoing feedbjack. After 
jtt?e author* ha,s mide the appropriate changes, this J 
•may lavolVef^ending • .the n^nusgript back, ^nd^ forth v 
:^ey?raV' f Imes;, -and' wtM5rr, the *e4i tor 1 s safifif i ed , 
the'maoUscript, HpeiY^*what we.ca'll copyedi^tihg. 
Thi"s process 1s..design§^.ta*coor<ij.fjafe and syri- ^ ;'r 
. chroTi^^e aVV the elements', .rjf jtape's^are being ' 
;Use4i the text or««wor(i:booTc rmnjsi be key^^-ap^r- * 
"iitely'to tl}e';f.apes:. 'If^ the/ie ^re obji^crtiy^r^'* \^ , 
eValuatjpnM terns jnusrt- he' needled' to be keyed i<r^' r ' 
't|i^., Cohsist'ency of^number.inj^ systems * *of tef«- 
minology, of headings* afl these' are cojipohents, 
whic^» the_ copyeditor checks, 'along v/ith la basfe 
style of grammar and punctuation.. * * . *' • 

The ^ext part of the process is called compo- 
sition—the setting of material into type* ' Au- 

* thors are asked to sign off for contertt on the 
mantiscript stage, Once material is typeset, 
changes are costly. Obviously, there are always , 
typov> there is always a split infinitive that 
slips in; a correctiiDn was retyped and then was. 
missed by the typesetter; these changes, of course, 

" must be made. But publishers ar* fairly strict 
about arbitrary changes that authors make and may 

^cljarge the author for them. Of course, if an 
author is willing to pay, and the schedule per- 
mits delay there may not be a limitation. At this. 
€tage a final che6k of illustrations is made to' 
make certain that labels and references are cor- 

.rect. Proofreaders scour the galleys for error; 
the dummy is put together; 'and-productlon editors 

make certain that ever ything is in its proper 

place. Final lv,j4t'-a"11 comes together and you are 
a published;^t3thor. , 

What^re some of the problems related to pub- 
lishing that may affect your chahces of getting . 
material published? First of'all, there.ls prob- 
ably too much being published, although" the edu- ^ 
cation market is enprmous, it has limits. The 
competition is fleifce. Since so many manuscripts 
are available, publishers can afford to be dis-- 
-cr^lnating about wha^f .they select. Rising costs 
. mean that pufil'fshers affe le^s\T1k6ly to take.a . , 
\ chance on an uDUSual book thepTthey were in the 
days when an editioifof 3 to 5»dOO meant recov- 
ered costs and some profit. Inventory require- 
ments ^nd the high costs of short-runs nfeike a pub- 
liisher reluctant to undertake a publication unless 
it can be priced h^gh» or the sales are likely to 
be quite hiqh in the first year. , 
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. -On the positive side is the fatt that instruc- 
tors are always looking for new, material and for 
good material, I sometimes feeLthat they are 
actually looking for magic material that will 
solve all the problems. of teaching. But ore 
year's magic may be another year's millltohe. 
Students change, iojstr^ctors "change, and soc- 
iety's demands change, so it -i^; ^"^poF.tant to be 
realistic about anything^ you want to try to get 
published; take'ey look yourself at what the mar- 
ket place already iias toi offer. Remember that' 
you have to^ sell Vour product to the publisher, 
before the. publisher will unUertake to sell-Mt to 
the market. 




I do want to ^nd| »iiowever^, on an encourag'irii 
^note— the 'possibility, fexis'ts for ^^^} success-^ 
bo.th'C-rittcal aifd financial, but-.eVen 'If "t^ese 
.rewards are • comparat iyel^^sniaH'^. '£he^e-.i.s- enoi^n. 
•bus penoBal satisfaction iu frefn^.'^ publ'isbed 
^author,. SW*?y >ibt try?-: . ■ .. ; • 
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